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FIG. 2.—TESLA CENTRAL POWER PLANT AND TRANSMITTING TOWER 
aa GT TELEGRAPHY, WARDENCLYFFE, LONG ISLAND, N, Y. 


(Tower is a pyramid having eight sides; somalles! emanions ae 
base, 29 meters; height, 47 meters; total pares from gre ; 
57 Ri ere cupola on top, 20 meters diameter.) 
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The best design of which I knew has 


been adopted, and the transmit- 
ter will emit a wave complex of a total maximum activity of ten 
million horse-power, one per cent. of which is amply suficient to 
“girdle the globe.” This enormous rate of energy delivery, approxi- 
mately twice that of the combined falls of Niagara, is obtai 
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course. 
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On an industrial scale is 
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ment, and next to achieving success for 
the sake of the art, it will give me the greatest satisfaction to make 
their concession financially profitable to them. In this first power 
plant, which I have been designing since a long time, I propose to 
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million volts, which I am now able to produce and handle with 
safety. 
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The Beginnings of the Incandescent Lamp. 


By Twos. A. Epison. 

N response to the kind suggestion of the Erectricat Wortp aNnp 
ENGINEER that the celebration of its completion of thirty years 
of existence affords a fitting opportunity to recall the begin- 

nings of the incandescent lamp, I am glad to put on record a brief 

personal narrative of the details connected with what was to me a 

very interesting period of electrical development. The occasion is 

not only a reminder of the rapid flight of time, but of the fact that 
since 1874—the year of the quadruplex, by the way—all the great 
modern departments of electrical industry have sprung into vigorous 
being. We telegraphers have a right to claim this journal also as 
part of our contribution to the art. 
My experiments on carbon began in 1876, when I had the idea of 
making carbon wire, etc., for various electrical and chemical pur- 
poses. Even at that early time Messrs. Charles Batchelor and E. H. 
Johnson were with me, and we saw quite a business ahead in carbon 
novelties. I had familiarized myself with the properties of carbon, 
particularly that made from paper and Bristol board, and this led 
on very naturally to my work on the carbon telephone or micro- 
phonic transmitter, early in 1877. In the fall of that year I was 
pretty well through with studies and inventions in that line, but 
had several other ideas that I wanted to work up. One of these 
was the subdivision of the electric light, and I began experimenting 
with that purpose. My records and the voluminous testimony in 
litigation, now happily long past, show that in the fall of 1877, about 
September, strips of carbonized paper were tried as an incandescent 
conductor suitable for use in lamps, and the work was followed up 
until January of 1878, when the general excitement over my inven- 
tion and exhibition of the phonograph out at old Menlo Park frus- 
trated serious or continuous work for a time, in any other direction. 
In fact, my health gave way under the strain, and in July I broke 
away for a Western trip as far as California. 

Of course my mind was turning the subject over, and when I 
got back in August we immediately went at it again. Around Oc- 
tober and November Batchelor made a great number of paper car- 
bons, at least 50, from tissue and other kinds of paper, coated over 
their surface with a mixture of lampblack and tar, rolled up into 
the fine long form of a knitting needle, and then carbonized. These 
we put into circuit and brought up to incandescence in vacuo; al- 
though they would last but an hour or two. We tried a great many 
experiments with paper carbons, wood carbons and some made from 
carbonized broom corn. What we desired at that date, and had 
settled our minds upon as the only possible solution of the subdivi- 
sion of the electric light, was that the lamps must have a high re- 
sistance and small radiating surface. About December, 1878, I 
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engaged as my mathematician Mr. Francis R. Upton, who had 
lately studied under Helmholtz, in Germany, and he helped me 
greatly in calculations of the multiple are problem. Our figures 
proved that the lamp must have at least too ohms resistance to 
compete successfully with gas; for if the lamps were of low re- 
sistance the cost of the copper main conductors would be so great 
as to render the system tneconomical and commercially imprac- 
ticable. In this direction we tried platinum also; and when working 
on incandescent platinum we had procured a Sprengel mercury 
pumy and had ascertained that we could thus get exceedingly high 


FIG. BY INCANDESCENT LIGHT. 
(Reproduction of Photograph taken by Mr. Edison at his Menlo 

Park Laboratory at midnight about Dec. 20, 1879, by the light of three 

of his first electric lamps. The portrait is that of Mr. Charles 


Batchelor.) 
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vacua. It occurred to me that perhaps a “filament” of carbon could 
be made to stand in the sealed glass vessels or bulbs, which we were 
using, exhausted to a high vacuum. Separate lamps were made 
in this way independent of the air pump, and in October, 1879, we 
made lamps of paper carbon, and with carbons of common sewing 
thread, placed in a receiver or bulb made entirely of glass, with the 
leading-in wires sealed in by fusion. The whole thing was exhausted 
by the Sprengel pump to nearly one-millionth of an atmosphere. 
These filaments of carbon, although naturally quite fragile owing to 
their length and small mass, had a smaller radiating surface and 


FIG. 2.—VIEW OF EDISON LABORATORY, MENLO PARK, 


Newey 
(Showing buildings and outdoor circuits lighted by incandescent 


lamps, December, 1879.) 


higher resistance than we had dared hope. We had virtually reached 
the position and condition where the carbons were stable. In other 
words, the incandescent lamp as we still know it to-day, in essen- 
tially all its particulars unchanged, had been born. 

We began immediately to make vacuum pumps and to produce 
these paper filament lamps on them. During that November we 
made perhaps as many as 100 of such lamps, and the same month 
saw us plunged deep in experiments and inventions on dynamos, 
regulators, meters, circuits, etc., all just as necessary to the success 
of the art as the little lamp itself. Some of those paper filament 
lamps had a remarkably long life. Each yielded from 12 to 16 ep 
and they were burned on chandeliers until they gave out. The 
average life was about 300 hours. One of them lasted 940 hours 
and another 1,350 hours, so that commercial success and a new 
industry were already well in sight. 

But I was not quite satisfied as to paper, or even with the more 
regular and homogeneous wood fibre filaments, and thus came to 
take up bamboo. We happened to have a palm leaf fan on one of 
the tables. I was then investigating everything with a microscope, 
so I picked it up and found that it had a rim on the outside, of 
bamboo, a very long strip cut from the outer edge. We soon had 
that cut up into blanks and carbonized. On putting these filaments 
into the lamps we were gratified to see that the lamps were several] 
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; y at the time was 
given to the world by the Ney York Herald in December, 1879, and 


eee sae fe already lighted up my laboratory, my offices, 
eee Bes about one-fifth of a mile from the dynamo 
some twenty street lights. On the last day of the year 

some 3,000 people flocked out to Menlo Park to see it for themselves 
—and the rest everybody knows. 
It is interesting to note 

I had around me other m 
the field, such as Messrs. F 


Ludwig Boehm, not forgetting that good friend and co-worker, the 


late John Kruesj. They found plenty to do in the various develop- 
ments of the art, and as [ now look back I sometimes wonder how 
we did so much in so short a time. Early in the spring of 1880 I 
lighted up for Mr. Villard the Oregon Steam Navigation Company’s 
steamer Columbia, and it was not long before the Edison plants 
began to multiply. Meantime lamp making took on large propor- 
tions in two factories of mine, one at old Menlo Park and the other 
at Newark, and much of my energy was being devoted to cheapening 
the price of the lamp as well as increasing its life and its candle- 
power per watt. I am told that upon a moderate computation the 
production of incandescent lamps in this country since my first 
success has reached a total of 250,000,000 lamps, or not less than 
10,000,000 a year for each of the 25 years. Essentially, the lamp 
has remained structurally the same ever since 1879, in the elements 


then demonstrated to be essentially vital and necessary to commercial 
success. 


The Success of Loaded Lines in Telephony. 


Upon the announcement of Dr. Pupin’s invention, successfully 
applying self-induction to the improvement of telephone lines, there 
was much sensational talk in the daily newspapers and elsewhere 
concerning the use of the invention in telephoning across the Atlan- 
tic. The possibilities of such a brilliant project were so attractive 
that little attention has been given by the public to very important 
but less sensational applications of Dr. Pupin’s work. Accounts of 
experiments with Pupin coils in Germany and of the successful patent 
litigation there in their behalf, have been given in these columns from 
time to time. In this article, we give an account of some of the 
important steps which have been taken in this country looking to the 
introduction of the new form of telephone conductor. 

Following quickly upon the purchase of the Pupin patent by the 
3ell interests, overhead lines were loaded from New York to Chicago 

and to other points in the West. Although a great deal of valuable 
experimental data has been obtained, the extension of the loading of 
overhead lines has not been continued. Unforeseen difficulties in the 
nature of cross-talk and leakage effects were encountered, and while 
they are not sufficient to prevent ultimately the extension of the system 
to overhead lines, they have called attention to a number of feat- 
ures in line construction which must be attended to before com- 
plete success in overhead loading is attained. A vast amount of 
work in overcoming these temporary difficulties has already been 
done, and although many points still require investigation, it is 
safe to say that this phase of the problem presents no difficulties 
which are insuperable and which cannot be expected to yield to 
patient and intelligent research. 

In the loading of underground cables, a great deal of important 
and successful work has been accomplished, particularly in the 
neighborhood of New York City. From Cortlandt Street to New- 
ark, N. J., a distance of about ten miles, there are working suc- 
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with Pupin coils. The talk through these fifteen miles oe ae 
thus equipped with coils is equal to that which would be ° = 
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In all of these cases the conductors are being used satisfactorily or 
commercial business, and the results obtained are a splendid prac- 
tical demonstration of the value of Dr. Pupin’s theoretical work. 
Although ocean telephony is not yet an accomplished fact, the 
application of loading to suburban trunk lines in the neighbor- 
hood of large cities has already proved to be of very great im- 
portance. All of the electrical principles involved in the problem 
of ocean telephony apply to that of underground land lines, and the 
fact that in those lines such successful results have been obtained 
has led some of our prominent engineers to express themselves 
most hopefully with reference to the ocean telephone cable. 


Prior to the work of Dr. Pupin, there was no generally recognized 
method of overcoming the electrical difficulties presented by the 
problems of ocean telephony. Prof. Pupin has shown how to 
overcome these electrical difficulties. As the problem now stands, 
it is mainly a mechanical one, and consists in incorporating into an 
ocean cable at suitable intervals coils of iron and copper having 
the proper inductance. Looking at the problem broadly, it seems 
safe to say that greater mechanical difficulties than this have been 
overcome and that there is good reason to hope that during the 
life of the Pupin patent, we may witness the operation of a high 
speed ocean cable which would permit not only of the transmis- 
sion of speech, but what would probably be more important, the suc- 
cessful use of high speed telegraphy across the Atlantic, 
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FIG. I.—-TESLA EXPERIMENTAL LABORATORY, COLORADO, ERECTED 
SUMMER OF 1899. 


(Discovery by Mr. Tesla of the Stationary Waves in the Earth 
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es, introduced one piece inside the other. Early Days of the Brush Are Light 
ces are cemented together with a kind : 
manufacture and put on the market as By S. M. Hamutt. 


The wonderful story of the past twenty-five years of the develop- 
v this practice, but prefers having them ment of the electric business is ever new to all of us. The able men 
eparate pieces, for the following reason: of the electrical journals who from week to week have chronicled 


ocelain reaches a certain limit the ordi- this story, educators in the business, constantly stirring up the new 
‘ea sound insulator. In testing an in- and raking over the old, have exerted a powerful influence for which 
nore pieces, one layer of porcelain may the world owes them a debt of gratitude. 

yy the other layers. When the tests are The Brush Electric Company was the first in the field in the era 


iponent parts, this cannot happen, and you celebrate this week. Stockly, its president, and his assistants, 
ors made up of sound parts. Moreover, Tracy, Swift and Potter, were men of energy and ability. From 
better inspected and the character of 1870 to 1884 they accomplished a great work. The Brush system of 
this suggestion many factories produce are lighting was soon perfected and it was pushed for all there was 
after test, are put together with glycer- in it. The first series street arc lights were erected in the Public 
xperience has GSC that it is Square in Cleveland, Ohio, in 1879. Shortly thereafter local electric 
oi component parts; up to 40,000 volts light companies were started in all the large cities and towns in 
and above that voltage not more than the country. Millions of dollars were raised for the purpose. Lead- 

ing men of the country were induced to invest their money and to 


to resist surface arcing is due to its take part in the management of the enterprises. Europe and Asia 
Her to be considered under a double did not escape. Even to-day, in England, the Brush influences 
against moisture and rain; and the persist. Potter in the early eighties organized local companies in 
lectrostatic phenomena. An insulator Japan and China. Brush with his genius for designing and con- 
the top and only a second petticoat structing a new system that worked well. Stockly with his few enert- 

v good protection against rain  getic able assistants, accomplished results seldom equalled in the 


inner petticoat will get quite history of any new industry. 

have one or two intermediate They were pioneers of the highest order: First, in the electric 
re the dryness of some part of the lighting field; second, in getting rich quickly in the electric busi- 

Care must, however, be taken not ness; third, in selling their company to a modern combination. 

heir edges would come too near, thus We may not yet be far enough away from Brush’s early work in 
arc, besides increasing the difficulty the development of electrical apparatus and his electric lighting 
use of intermediate petticoats should system in order to appreciate fully what he accomplished. Time 
sssary to protect the inner part from will place him on a lofty pedestal. So far as his actual accomplish- 
£ the surface shall be quite dry. ments were concerned, during the early days prior to 1884 he was 
y Mr. Lieb, who said that the paper easily the leader. Between the years 1878 and 1884 he rose rapidly 
ysis which European engineers give to prominence, and his name and reputation were world-wide. Dis- 
they are presented. While perhaps tinguished honors abroad were conferred upon him. The apparatus 
e as active in undertaking pioneer which he designed and the building of which he superintended was 


where much investment and com-_ widely used, and brought him and his immediate associates large for- 
ry, yet when these applications are tunes. 
stions are subjected to very careful Brush was a university-bred man, having graduated from the 


Smith remarked that the method University of Michigan in 1869 with the degree of Mechanical En- 
ion lines described in the paper is gineer. This was rare and was before the days of electrical engi- 
ractice and might perhaps lead to neering schools and accounts in part for the mechanical perfection 


for instance, from the small boy of his apparatus. 
While the factory of the Brush Company in the early days of its 


at just such a line, as described in history was small in comparison with the great factories of to-day, 
leted in Mexico. It is about 100 yet for its time it was enormous, and turned out millions of dollars 
s, regular wind mill towers, using worth of apparatus which was shipped to all parts of the globe. 
nosed to be the most modern line Many of the engineers, or what were so commonly called “inventors” 
+k Central Railroad recently con- in the early days of electric lighting were not particularly good busi- 
, the conclusion was reached that ness men. The fact that few, if any of them, have amassed any 
peration to have the transmission wealth indicates this. Brush had very keen business instincts and 
to put them in conduits. not only was fortunate in his business arrangements with his com- 
some constructions shown in the pany, but was a wise and conservative adviser. He loved work, 
pean conditions, for instance, nar- which was always done thoroughly and remarkably well. The Brush 
d that he thought that American dynamo so largely used to-day is to all intents and purposes the same 
adopting the suggestions of the as that designed and built by Brush in 1878. The are lamp, with 
the number of petticoats, increas- his magnetic cut-out for series circuits, the storage battery and the 
‘the space between the petticoats, arc light carbon, each the foundation of a great industry, have not 
Mr. C. F. Scott agreed with the drifted very far from his original ideas and inventions. 
stween the engineering inside the In 1879 Brush was poor; in 1886 he was very rich, with a beau- 
In many cases the external line tiful home and large grounds in Cleveland, O., where he lives to- 
yn, the uniformity, and the higher day, devoting his time to scientific work in his laboratory and i 
generally been given to other de- caring for his large interests. Take it all in all, no one man has con- 
tributed more than Brush to make this electrical age what it is; 
and to the writer, intimate association with such a leader has not 
been the least pleasure of a laborious electrical career. 
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a feature of Particular value Possessed 
by no other lamp, enables the colors 
of fabrics, or material of any kind, 
to be determined after dark with the 


Same precision as by daylight. The 
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More Light for the Same Money. 


For Information address 


Nernst Lamp Co., Pittsburg, Pa., 
or any of the following sales offices: 

New York, Boston, Philadelphia, Detroit, Chicago, 

Buffalo, st, Louis, San Francisco, Seattle. 


Dress-Making Department in Large Dry-Goods Store Illuminated by Nernst Lamps 
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Rubber Insulation 


Rubber Insulation 


STANDARD AND 
ZENITH INCAN- 
DESCENT LAMPS 


Electric mete 
Glebes and Shades, both Sole Mfrs. of Okonite Wires, Okonite Tape, Manson Tape, Candee Weather-Proof Wires. 
Arc and Incandescent THE OKONITE CO., Ltd- 
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NEW YORK INSU LATED WIRE COMPANY 
Main Office : [14 Liberty Street, N. Y. Branches : CHICAGO, 192 Desplains St.; BOSTON, 7 Otis St.; SAN FRANCISCO, 33 Second St. 


NEW YORK OFFICE: 
BOSTON: 933 OLD Ss 


INDIANA RUBBER AND INSULATED WIRE CO. 


MANUFACTURERS OF 


Paranite Rubber Covered Wires and Cables, 
UNDERGROUND, AERIAL, SUBMARINE AND INSIDE USE. 
Telephone, Telegraph, and Fire Alarm Cables. 

All Wires are tested at Factory. JONESBORO, IND. 


cexrnngs ‘biabe’ Seesusranr. | | The Kilbourne & Clark GO. 
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Special Dynamo Belt 
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stamped every ten feet. 
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ee: A. Ferguson, Manager. : 
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/ Makes continuous record day 
and night. Send for circular 


THE BRISTOL co. 
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Bridgeport Brass Co. 


1g Murray St., New York 


JENKINS BROS.’ VALVES 


The metal and workmanship are the best. All parts are inter 
changeable. Need no regrinding, as they are more effectively a 
paired by renewing the cise, which can be easily and quickly done 
without removing valve from the pipe, and costs but a trifle.” Trae 
on having the genuine, which always bear our Trade-Mark, () 


a | JENKINS BROS., Hew York, Boston, Philadelphia, Chicago, London 


SIMPLEX zeta" | 


Rubber Covered, Weatherproof, Underground and Submarine 
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UIT & CABLE COMPANY 
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narily wound for four poles, the induction ; 
slots may for the same frame become too 
motor, thus increasing the Magnetizing ¢ 
creating undue heating, 


L. DRAWBACKS OF A HIGH FREQUENCY 


If the circumferential] Speed of the armature is limited, and this 


diminished, hence, a high frequency necessitates a large leakage 
factor according to formula (96).!_ We labor here under the 
same difficulties that we have met with in the design of alter- 
nators for high frequencies, Tt 1s doubtless possible to build 
motors for frequencies between 60 and 100, but the higher the 
frequency the lower will be the power factor, and the larger will be 
the lagging currents. It has also to be borne in mind that 


also be the same, for the pole-pitch is inversely a a : 
the frequency, hence, the product of the frequency ae be 
tumber of lines of induction per pole remains the same 1 
induction in the alr-gap is the same. ie cna aie 
he magnetizing current, however, being pe ron none 
"allo of the induction B divided by the oe a Company 
* This ig the reason why Mr. Tusua and the Weve ee frequency 
failed +o design a successful motor between 1888 and enrciaey ene 
of 135 was then commonly used. See B. G. Ese 
duction Motor,” A. I. E. E. Journal, March, 1921. 
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12.25 Substances. 
17.25 ces have the Property of absorbins 
15.50 Si eee? Which is not lost, but is converted 
3.65 “10 elther heat cnemical] energy, or radiant en- 
16.50 =2Y Of longer , lengths. Thus, many Substances 
6.25 radians “sont through the conversion of 
10.25 light ap ed Of wavelengths Shorter than visible 
- Onger wavelengths Within the visible 
ee Fluorescence is the name of this phe- 
in og Photo-luminese ich j 
peo of the Phenomena ¢ which includes two types 
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Giscovered 
crushed min 
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Ruorescent 


sorting, while 
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and hon-fluoresce 


acted upon by ultr 


S 
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1 &-Violet rays 

2p Collectors may determi inen 
mp tors may ermine the genuineness 
re issues by cor e: Peale 


2 nparing the fluo Sce Re 
eo Uspected copies with that of antonio 
Counterfeit paper money may likewise be detected, 
Finger prints On articles are rendered clearly vis 
ible Mm ultra-violet radiation by dusting the object 
With a powder of a fluorescent substance, such as 
anthracene, Erasures on documents become Visible 
under such radiations and often the otherwise in- 
visible words may be read. Messages written with 
€ Solution of quinine sulphate or similar substances 
are readable only by virtue of the fluorescence of 
the substance. In chemical testing, adulterants in 
Oils, butter, etc.. may be detected and estimated 
by comparing the color and intensity of fluores- 
cence of unknown samples against known samples. 
The presence of some alkaloidal poisons in exceed- 
ingly minute quantities are easily detected. These 
brief statements barely outline the possible appli- 
cations of fluorescence in scientific investigation. 


in dem CLET DEMONSTRATION LIGHT, Cenco Portable) 4 simple source of GieGk NEDe | for uae 
ating fluorescent Phenomena. Consists of an argon mixed-gas glow lamp, 


he fluores- 
Each $4.75 


r. Consists of a molded 
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arc illuminator giv 

Without illuminator..Each 4.75 
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11405 Ee vis 
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71395 de 
71375 - 
No. 
€ FLUORESCENCE AND PHOSPHORESCENCE A 
€ 
oF TRATION LAMP, Cenco “Black Light’ Source, for the examinae D 
Le He dams Mee Petes and phosphoresce under ultra-violet radiation. Consists of +8 — 2 
es Ar con mixed-gas glow lamp with metal housing provided with an Ultra-Violet Alter me E 
La adjustably upon a stand. In use, ue is GesieaS EXE a assortment Of fluorescent 23 
cert} phosphorescent solutions, solids and paints to g startling effects. For ta ae 
Y Sose. see No. 71395 Fluorescent Minerals and the numbers following 71395. Complet: = £ 
f nnecting cord and plug for use on 110 or 220 volts A.C. or D.C... Bch aH 
1/1377 Lamp Bulbs, Argon Mixed-Gas, only, of No. 71375 Ultra-Violet Lamp for replacement, for g. ; 71410 FLL 
en on of “black light” ultra-violet radiation. For use in standard Edison screw socks | 
220 volts A.C. or D.C. Current consumption, 2 watts... as ) 
SE 
71379 Ultre-Violet Filters, only, of No. 71375 for replacement .........------.-..____ Boe 50 
ee 71390 ULTRASCOPE, Cenco, designed to provide a convenient and inexpensive means of viewing => By 
\\ cles illuminated by ultra-violet radiations. Consists of a pyramidal light-tight cabinet = T1415 FL 
. jur-edged viewing aperture at the apex. A special glass window which passes ultav i 
radiations, but practically no visible radiations, is provided on one side. The bottom cS 
f cabinet is hinged to permit easy introduction of articles for examination. When cist” 
', held in place by a catch, In use, the window is pointed toward a source of ultra-violet 12 
; uons and the objects on the bottom of the cabinet examined through the viewing ae 
Voile any source of ultra-violet radiations may be used, bright sunlight provides "= 
ee eRe source. If used within a building, better results are secured when aoa eu 
rite oath ra open window. For demonstration work it is quite a GN 4 
s paints available under No. 71405. Without paints........----<---- =n ae 


71395 FLUORESCENT MINERA es inch view BS 
viewing slit in the seer LL, OUTFIT, consisting of a 6x6x4 iC Ti ton 


two No. 71377 L € cover, six fluorescent minerals in a small comp g enter 
outfit for snentaniiee deo eenerating ultra-violet radiation. An interestins Pot stats 


Visit i 
externa fener used in a lighted room with perfect success as the bees i : 
- for use on 110 volt A.C. Without connecting cord and screw-s0° 
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71397 Minerals only of No 


mineral spe ,uorescent Mineral Demonstration Outfit. er Wee 
radiations. n_uens, averaging ¥% inch in diameter, that show fluorescent? d per st 
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71146 to 7117, MINERALS for Fluorescent and Phosphorescent demonstration see 
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71425 
FLUORESCENCE AND PHOSPHORESCENCE 


alcohol. Upon continued exposure to the atmosphere, the brill 


€ will occur in a period of three months 


Visible Color Fluorescence No. Visible Color Fluorescence 
Flesh Grey Green H Bright 
B Canary Yellow Light Green J eas en 
C Dark Grey Dark Grey K Light Orange Yellow 
D Light Yellow Light Blue L Dark Pink Orange 
E Light Grey Dark Blue M Medium Pink Light Tan 
F Red Orange Yellow Orange N Ivory Medium Blue 
G Brown Dark Tan P Light Pink Yellow Brown 
i Furnished in one ounce glass bottles and 8 ounce cans. One ounce will cover about 5 square 
: fC Ug reneee ncn enemen meen nn oacnnacnaanenennaama son cenn an acacossacacenenaea setae ne eae Per bottle $1.00 
Per can 5.00 


71410 FLUORESCENT PAINTS, Clear, for tinting fabrics and other objects to produce a color by reflected 
light and a brilliant fluorescence in another color under ultra-violet radiation in the absence 
of visible light. These are the same as No. 71405 Paints, except that the coating is transparent. 

Specify number and visible color according to the listing under No. 71405 Paints with the ex- 
ception of Nos. C, E and G which are not available in this finish. Furnished in one-ounce 
PlassEDObuLesmAaANGEG—OUN CCR CAT Seeaeeanannae ea aaer ean aann peeeeeeesasee == here bottlemmlFOO 


Per can 5.00 


11415 FLUORESCENT PAINTS, Transparent, for rendering fabrics and other objects fluorescent under 
ultra-violet radiations without changing their natural color in visible light. If the paint 


thickens it may be thinned with benzol. In other respects they are similar to No. 71045 
Paints. 
No. | PCR ste Be eS aj RR or pe ee ose A © 
EI AOY SCOT CC een cre Eo caw Ee taser cose TTS Green 
Ber | oz: [bottle maestro re es vacant ns ateadsece Nao £09 
Per <8 ox er eae areas ee eu ee a tae 5 : 


11420 FLUORESCENT MINERAL PLA UE, for demonstration of the fluorescence of minerals under ultra- 
violet radiations. Aas of three small pieces of each of six different fluorescent minerals, 
mounted on a 334 by 5 inch wood plaque finished in a non-reflecting black. The names of 

F the minerals are shown on a label on the back numbered to correspond to the minerals... 


aoe Oe Each .65 
1425 FLUOR isti ix fl cent liquids in closed glass tubes, 
ESCENT LIQUIDS, consisting of a set of six fluores 2 * » 
5 mounted in a TEC wooden case with hinged front and back. Complete withspy ined de 
: Scription of contents. .....cc.ccccccccccesc do aera eco ace aaa ale 


1 PS 
‘80 PHOSPHORESCENT SULPHIDES of Alkaline Earths, consisting of five glass tubes, each containing 


; : i ith hinged lid. Each 
a different alkaline earth sulphide, assembled in a velvet lined case wl Sveereat here 


Slass tube has marked on it the name of its content. These sul a produces aiumeeach 
[aw materials. After exposure to X-rays, ultra-violet light or radiation “rol Per set 10.00 
Jb ube glows with its own characteristic radiation....---.-------------- 
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é 71500 71505 
. 7152: 
ELECTRO-LUMINESCENCE OF GASES 
| TUBE, 25 cm long, with aluminum electrodes. When a spark is passeq through . 71525 cAN 
ny gee a suet colored glow is observed... Each $35) - 
‘ “ i f uranium, iron and lead la S] 
: -e made in a variety of designs 0 glass, showin rm: 
GEISSLER Ue ot AGSIaA in illumination and the effect of the kind of glass, : tl 
c 
Si 
71480 GEISSLER TUBE, 15 cm lONG........----------2-2-22-222cec eno co 0c tenon ee OER HIS S 
71482 GEISSLER TUBES, 15 cm long, set of six assorted in bOx..__ eee POE Set SM 71530 Stage 
F1490 GEISSLER TUBE, 20 cm IONG.....222.--.-2-...--ccccececsene oc cce coc ee eo ee ce cocoee seensewane teense ee Senn Fach. 1,50 ; 
C 
71492 GEISSLER TUBES, 20 cm long, set of six assorted in DOX.-------.----2eeceeeeceececneeecneceeeecensoee-e Per set 1.509 r 
C 
71500 GEISSLER TUBE, Demonstration Form, 28 cm high, with uranium glass spiral in bulb, complet : 
With leaded base................--ccccssocseseceeosecesecess_-- ee ; 
j { 
' 71505 FLUORESCENT TUBE, 20 cm long. This is a double tube, the inner one being of a oe 
= shapes of uranium glass, the outer being filled with a fluorescent liquid such as Cre rH | | 
\ nine, kerosene, aesculine and uranine.............. Q 
| 71510 ; ; ores 1535 CA 
/ ay petite ts sa ea 20 cm long. Contains crystalline salts (sulphides) which phos / oe 
pita. 7 oF an electrical discharge, showing how radiant matter may pr eh 2 | 
i 71515 PHOSPHORESCENT M 
i or coil is nedde FRCURY TUBE, 25 cm long, with which no static machine 
if Sue resulting from mercury falling on globules 
, ] k Mul phosphorescent glow, which can be ober 
et STi ee ee RY | ac ° 


1) jn which it flows, experiences a force 
the direction of rotation of the ‘streamer and the 
rection of the current in the streamer can Pf 


£lass bulb with : e of a 
; , one electrode in the shape © 
f bare’ of an cee the bulb so that it passes through the er 
MD, 9 omy lenarnagnet to be introduced through the ring 
psn 20 cm. Complete with electromag 
SSS 0 rrr Ga Each | 
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--Per set 5.00 
Se Each 1.50 
..Per set 7.50 


lb, complete 
....Each 5.50 
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71525 71530 


CANAL RAY TUBES 


95 CANAL RAY TUBE, Goldstein’s, with cathode in the form of a metal plate with numerous slots. 
m5 The positive rayS pass through the slots in the cathode appearing in the upper part of the 
tube as brilliant bands of color to which Goldstein gave the name of “Canal Rays”. The 

space below the cathode is filled with the characteristic glow of the cathode rays. By means 

of a strong electromagnet the canal rays may be bent to one side and from the direction of 

the deflection and of the magnetic lines the fact may be demonstrated that they are positively 
charged. The cathode beam in the space below will show a greater deflection and in the 

same direction showing it to consist of negatively charged particles. Height of tube over all, 

40 cm; diameter of tube, 4 cm. Complete with polished wood base... Each $12.00 


11530 CANAL RAY TUBE, Knipp and Kunz, for showing in a single tube and with singular clarity most of 
the phenomena of electrical discharge in highly rarefied air for which several tubes are usu- 
ally required. The phenomena made visible by means of this tube include the following: (1) 
The falling of the positive rays toward and through the hollow cathode; (2) the greenish gray 
color of the cathode rays streaming through one bulb; (3) the orange red color of the positive 
rays streaming through the opposite bulb; (4) the origin of the positive rays at the edge of the 
Crookes’ dark space in front of the cathodes; (5) the deflection of the negative beam by 
means of a magnet, showing conclusively that it is made up of electrons; (6) the very slight 
deflection of the positive ray, and in the opposite sense to that of the negative ray; (7) the 
heating effect of the rays where they strike the ends of the tube; (8) the fluorescence, under 
the bombardment of the rays, of the different kinds of glass of which the tubes are made. 
(See Science, 42, pp. 942-3, December, 1915; Science Abstracts, 19, for March 25, 1916.) 
The tubes as furnished have the degree of vacuum carefully adjusted to give best results. 
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11535 CANAL RAY TUBE, Wien‘s, for demonstrating the positive and negative charges of the canal rays 

and cathode rays respectively. In this tube a perforated electrode in the center of the tube 
serves as a cathode. Flat disks at the end may be used as anodes or a small electrode at 
one side may be used as the anode for certain demonstrations. When used to show canal 
rays the side electrode should be used as the anode. For showing cathode rays either end 
electrode may be used. The shape of the tube lends itself readily to the use of a magnet to 
show the deflection of the canal rays or of the cathode beam. Height of tube over all, 40 
cm; diameter of tube, 4.5 em. Complete with polished wood base.........-..-..-.-.10---, Each 22.00 
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trodes, but in ; : i lectrode only while it is the cathode. 
reality there is a glow upon a given e/ecll ; : 
ance that the glow eetends iene the electrode is a function of the instantaeous 
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J Discharge Curve of a 
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OSCILLOGRAPHS 


71540 OSCILLOGRAPH, Gehrcke-Ruhmer Glow Light, (continued from preceding page). 


value of the potential of the electrode, but on account of persistence of vision the chang 
in this distance, and its shifting from one electrode to the other, cannot be seen without». 
ise of the rotating mirror. 
ane Be eee of an alternating current, the Oscillograph Tube is connected ty 2 
transformer, such as our No. 80320, operating on the usual A.C. lighting circuit. Cita 
Mirror No. 74635 is then mounted on a No. 74350 Rotator and the speed carefully adjuig 
until the rotation of the mirror is in synchronism with the alternations of the cumei — 
This point is readily determined as that speed at which the images of the wave fomintk | 
rror seem to stand still. If they move forward, the mirror is revolving too slowly; if tig 
the reverse is true. When the point of synchronism is reached, the speed of & 
rp.m.) is read from the speed indicator. This figure is either the same as the mm 
yeles or a multiple or sub-multiple of it. As the most common frequencies ms 
25, 60 and 133 eycles, the correct value is readily determined. This experiment eats 
cy to be easily measured by elementary students. ea ae 
xperiment can be performed using an induction coil capable of furnishing 2°™= 
S] instead of a transformer. In this case, the frequency determined is that of the vibra 
electrolytic interrupter, if the latter is used. In either case, the wave form ae 
visible ad a comparison may be easily made of the magnitude of the potential at ms 


2¢ = F : P : F si nt | 
! a condenser is substituted for the induction coil and a suitable ee sil 


posed, its discharge curve may be Studied eccc-c--..co coco ecco cceeceeeeeeueetee 


71545 OSCILLOGRAPH TUBES, Cathod 
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recor ding high frequency phenomena, either recurring or transient. Many eg 
ean per eagen made in Cathode Ray Tubes within the past few years Pe and ae 
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(Continued on next page) 
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ving al 
e Ray, DuMont, (Patents Applied for) useful for obi =. 


ork the design and applications of such tube eRe ; 


*. ertia 
ine Seoueens which strike the fluorescent Sean ba or os { 
deflecting me electron spot a faithful representation of the ¢ ects BO 

§ fields. There is absolutely no distortion from inertia or resonance © ope 


® 
R | 
| 


re | 
oy | 


? ni! 5 Og 
§ current, which adds much to the conven AML UO 5 
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71548 OS< 
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ision the Changes 
seen without the 


1S connected to a 
circuit. Cubical 
arefully adjusted 
; of the current. 
wave form in the 
00 slowly; if they 
the speed of the 
same as the num- 
‘equencies in use 
periment enables 


rnishing a 6 mm 
at of the vibrator 
re form is clearly 
tial at make an 


esistance intel” 
‘ Each $6.00 
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71548 


OSCILLOGRAPHS 


OSCILLOGRAPH TUBES, Cathode Ray, DuMont, (continued from preceding page). 

T1545 mentation. No. B tube, with a 3% inch fluorescent sebeans is ideal toe see laboratory 
work. It has two sets of deflection plates, on one of which an electrical sweep circuit may 
be used to produce a linear time axis. Tubes C and D resemble Tube B, but the screen 
sizes are larger, with other parts in proportion. ; 


TINO Sena nec conennonranccecencanencssndesancatesnncaeeentss= eee A B Cc D 
DENA Ole SHRED WAN ne ete 1% 31% 5 9 
@Ovenalil@len gt nC h Cs Seana ene 5 115% 17 21 

IM Evan, CWVANE AM, BVI ce eee 1.4 1.4 1.4 14 
Milamentsvoltag es Acc. 2 este ocecee ot e es seen eee 0.5-0.8 0.5-0.8 0.5-0.8 0.5-0.8 
Accelerating electrode voltage........................ : 250-800 300-1000 400-2000 400-2000 
Focussing electrode voltage..-...... 2... 0-180 0-180 0-400 0-400 
Sensitivity, mm/volt at 1000 volts anod........... 0.10 0.38 0.68 0.79 
EGCH ...... ..22-nseeercesececcseccccose vac eeeeenesetteenreseeeeres $10.00 17.50 35.00 80.00 


11548 OSCILLOGRAPH, Cathode-Ray, RCA, providing a rugged and reliable portable instrument for 
many industrial and educational laboratory applications. An ideal instrument for the ex- 
amination and study of electric wave forms on alternators, transformers, ripple on gener- 
ator and rectifier D.C. supplies, oscillators and amplifiers; measurement of percentage 
modulation; the study of various transient phenomena of making and breaking circuits, cur- 
rent and voltage wave forms; the study of electric sparks; physiological phenomena such as 
heart beats and nerve response; and the measurement of explosive and acoustical pressures. 
It may also be used in the study and development of Lissajou’s figures and their use in 
identifying frequency ratios and the effect of phase shift. Has innumerable applications in 
field of radio engineering. 

The essential parts of the Oscillograph are compactly assembled in a single case and include 
two power supplies, one for the cathode-ray tube and one for the amplifiers, vertical and 
horizontal amplifiers, synchronizing frequency generator and six tubes, including the new 
type 906 cathode-ray tube. 

Through the use of two wide-frequency-range high-gain amplifiers, the sensitivity is equiva- 
lent to 2 volts per inch for both vertical and horizontal deflection. The amplifiers have flat 
frequency characteristics between 20 and 90,000 cycles plus or minus 10 per cent, with an 
amplifier gain of approximately 40. ; Shae : 

A linear saw-tooth synchronizing frequency oscillator with a special locking circuit is an in- 
tegral part of the instrument, having a frequency range from 20 to 15,000 cycles. This per- 

mits the examination of a single cycle up to 15,000 cycles or the examination ot 6 cycles 

up to the limit of the amplifier—90,000 cycles. Suitable switching is provided so that either 
the internal oscillator, 60 cycle A.C. from the power line, or an externa sya nTaRe 


Binding posts are conveniently arranged for connecting voltage to be observed, for the external 


phe chronizing voltage and for accommodating the exterualyidens ae VON CO eae 
ensity is such that photographs may be CEN eS aN This feature gives large images 


The sensitivity is guaranteed at two volts per inch. oan : 
5 j -ati : -120 volt lines. Power consump 
or small input voltages. Complete A.C. I Glace wide by 1734 inches deep. 


tion, 5 
Weigh Each 84.50 
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71555 


CATHODE RAY TUBES 


/ : i f cathode rays. The negatj d 
71550 CROOKES’ TUBE, for showing heating effect o > negative electrog. ; 
and a piece of foil is placed in the center of the sphere of which the cathode ise ot | 


e rays come to a focus upon the foil and heat it while hot. Diameter of bulb, 12 em. Each sn 41570 CROO 
ad | inf 
71555 CROOKES’ TUBE, for showing a deflection of cathode rays by a magnet. At one end is 2 mi 
with a slit which allows a definite beam of rays to pass through it. The path of ie 75 VACL 
traced by fluorescence produced upon a prepared screen, and the deflection of this Pa ; Me the 
line upon the approach of a magnet is readily seen. Diameter of bulb, 5 cm: Tenth nal thi 
ma Without magnet ..........----- 20. ---22---eeneeeeennen nn enen cence ens nnenesnrenncccne sa ccnnaenacnnnseasaccnacaceatnsnsnce . é t 
a wvveeon ach [0 | 
71580 VACL 
sh 
lin 
Ui Di 
eo 
71585 HITT 
re 
sh 
g of 
i SU 
\ th 
de 
al 
bag 4 
71565 
of | 
Sy erage, of a cross. A metal cross is placed in the Bet 
ee a - the fluorescence produced where the oor tube 
Raat AS is hinged, may be turned down by sh ‘i eas 11599 
ra latter has become “f Ae glows more brightly than the surroure om Hol 
a € may also be used to show the aued’ by exhibiting (the Scie tromagnet cr i 
er of large end of Its, 6 le deviation of the cathode rays by an e™ fod f 
| saan » v cm; length, 30 cm. Without electromagneb-—"" | s 
7 , H : 
ba) into Double Shadow Tube. § nd its hate | : 
fi hi oe No, 71560 Crookes’ tub is demonstration of the cathode beam We ner with ph? J 
AW hentia ee and the shape of a but with two conical tubes joined lid othe! it ( 
thi the dark Fs ectrodes of this tube Toss on each side, one of which 18 § electrost : 
i cent glase Adow of the solid er are connected to an induction coil of e prillia! 
outlined ee at the other annie appears at one end surroundeé (1. out out ; 
nst the dark appears the fluorescent shape of the are ‘ 


Shadow around it 
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if 
71570 71575-71580 71585 
ode is con . CATHODE RAY TUBES 
5 & section. ax 
M. Each $12.09 71570 CROOKE’S TUBE, containing several minerals which fluoresce with different colors under the 
influence of the discharge. Diameter of bulb, 8 cm; length, 13 cm Each $6.00 
S & mica Screen - : 
of these rays js 71575 YACUUM TUBE, spherical shape with four electrodes, low vacuum. In this tube the path of 
is fluorescent the discharge may be traced by its colored light from the cathode to whichever of the other 
5 length 30cm, three electrodes is made the anode. Diameter of bulb, 15 cm.. Eachcns0 


Som. Each 10.00 


71580 VACUUM TUBE, spherical shape with four electrodes, high vacuum. In this tube the discharge 
shows no visible path between cathode and anode but the cathode rays travel in straight 
lines from the cathode, and cause fluorescence of the walls of the tube directly opposite. 
Diameter of bulb, 15 Cr.....-...---------sscsssecssssseestsseset snes snentes PS vps Re ot00 


71585 HITTORF’S TUBE, for showing that the path of the discharge in a vacuum tube depends upon the 
resistance of the gas, not upon the distance apart of the electrodes. The tube is rectangular in 
shape, with ends of the electrodes close together in the top branch. The length of the path 
of the discharge in the other arms is increased by their shape. The tube is exhausted to 
such a vacuum that the two electrodes are both located in the Crookes’ dark space. Under 
these conditions, no discharge passes directly between them, since the space is practically 
devoid of gaseous ions. The discharge takes the longer path through the other arms which 
are therefore brilliantly lighted. Total height of tube including stand, 45 cm. Complete with 
polished wooden stam........----:--nssccsessertstcn seer Each 10.00 


11599 HOLTZ‘S TUBE, Double, for examining high frequency currents as to the quality of the asa 
in opposite directions, consisting of two parallel tubes, joined together at me ence: wi : cSGuSES 
funnel-shaped constrictions in each arm, and an electrode at each oe ; Se ions 
point in opposite directions in the two arms. When connetiee. to ee 3 aie FoNa Nt 
ing current at high potential, the discharse will pass tous one react ihe others ey 
not through the other. When the discharge is reversed the ! oe eae Mer crenines 

induction coil lights both arms, although one much more Beet aly eae) Renused 
cause of the differences in potential at the make and break, resp rea in series, for sup- 
also in connection with other discharge tubes with which it 1s Sah coil and thus bring- 
Pressing the discharge due to the make in the primary of the in 


wis , tube. Length of tube, 30 
ae out in a clearer manner the characteristic appeteieee ae Pe carsceceso Each 6.50 


TO esesewsnes ecceresernert® 
awe. aenesere 
,, IS ew we ern cnwcrennesceneccesraaee wee ecemener” 
Serre errr errr . - - paaneee 
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71595 


CATHODE RAY TUBES 


1 i rated Brass Cap, for showing that the cathode ra 
71595 LENARD S eRe pe ete a thin piece of aluminum foil, such as is he i Hough 
Spa the brass cap, which is sealed tightly in place. In use { > 
Sasi aa vacuum pump, the electrodes being connected to an ing 
ee an is well defined. To detect the passage of the cathode ra 


. + APO <) . Ne 2 
yum foil, the fluorescent effect on such minerals as zinc sulphide, cale Spat, ef ay 


he tube is oy. 
Uction Co} ae 
i 


I . 
used. Without aluminum foil. ........-.-.--.---+.-s:-ee-sssecerer essere sense teen 


Oe 


71605 71600 


. - iivel 
71600 VACUUM TUBE, Perrin’s, for demonstrating that the particles in the cathode beam are mest 


charged. The tube contains a flat and a perforated electrode in one arm. In the et 
‘ained a Faraday cylinder, with openings through which the cathode particles 0 etl 
use, the outer section of the Faraday cylinder is grounded, the inner section Lavy 
to the knob of an electroscope or electrometer (see No. 71020). The flat elec scat 
other arm is used as the cathode and the perforated electrode as the anode. A als? 
cathode rays passes through the aperture in the cylindrical electrode and strikes 0 hae 
the tube opposite, causing a small spot to fluoresce. If opposite poles of an elecitt the 
brought to the sides of the tube, the beam is deflected and may be caused t0 on past 
ng in the Faraday cylinder, charging it negatively, as shown by the electros™ 44 BY 
of bulb, 15 em. With polished wood DASE... ssscsccsuresseeesasnineaneion nr 


71605 ROLLING WHEEL 


glass track on which tur 
{ 
| the path of the aatiodees a 
| driven along the track by 
By means of q magnet 
| In the effect on the wheel] 
} tube, 30 cm; diameter, . 


, 15, The a 
TUBE, for showing the kinetic energy of the cathode ray = a peins Lael) 
ight mica wheel, the upper part of its V 


am. When the tube is connected to an in 


the cathode rays, reversing its direction as 
the beam may be deflected up or down with : in.) SP 
. Requires an induction coil of 50 mm Bee. 

» em. Complete with wooden stand..." 
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71610 


CATHODE RAY TUBES 


gio VACUUM TUBE, Fluorescent Minerals. The pear-sha 
pre 


} ped tube contains five differe 
held firmly in a2 glass setting. They are 


nt minerals, each 


located directly in the path of the cathode rays 
which cause thern to fluoresce strongly, each with its own characteristic color and intensity. 
Diameter of bulb, 13 cm. Complete with polished wooden stand 


Each $13.50 
615 VACUUM TUBE, Fluorescent Roses. This tube is similar in 


all respects to No. 71610, but is some- 
what smaller and contains two roses. The flowers fluoresce in brilliant colors under the 
influence of the cathode rays. Diameter of bulb, 7.5 cm; height over all, 30 cm. Complete 


whe nardwood iSUpPOrt.. 38 ee ee ee .......Each 5.00 


VACUUM TUZE, Fluorescent Bouquet of Flowers. This is one of the most strikingly beautiful vacuum 
tubes rmade. The large bouquet is rade with delicate skill, combining a great variety of min- 
Is which glows with beautiful iridescent colors under the influence of the cathode rays. 

size of the tube and the nurnber as well ag brilliance of the colors. make this a highly 
vie lecture table piece. Diameter of bulb, 13 cm; height over all, 45 cm. Complete with 
4 hardwood Ssupport tie ree ts craraicondcsiolddeceess Pelceeaies ; _.....Each 14.00 


VACUUM DISCHARGE TUBES 


"65 YACUUMA DISCHARGE TUBE, Simple 


Form, with side outlet tube for exhausting and aluminum 
p f 
etivodes, Lengili,.25 Cit 2.0 cecaee 


Each 2.50 


6 vacuus DISCHARGE TUBE for lecture demonstration. Recognizing ne. petal aN oni 
large dirnensions for experimental dernonstrations, we have des) Br A oomparvine, electeteal 
Proportions for showing to best advantage the various phenomena a 
a 


i tion the discharge tube 
; iE ; . By means of this tubulatio vist ag ree 
can aes be Pineal th local ewig 2 rn spark, er Se etently high exhaustion is 
ferent characteriotic ‘stages of the discharge, and 6 D se Lies ig easily attained. To pur- 
Usert saged 2% our Cone Hae EEE Ne pump we highly recommend (rae arpa 
2 ti per fad ode Abt I CPOE LDIL CALLE LODA DOLLA, peerewe dé ¢Gaoe ere 
* Wlendid demonstration acces$OTy eevee 
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71675 


VACUUM DISCHARGE TUBES i 
. 71690 s 


Lecture Demonstration, with Concave Cathod 
e striking way than is possible with the area This tube 
a Ly Ss 


a 
hy 


71675 VACUUM DISCHARGE TUBE, 


tended to show in a mor 
phenomena connected with the discharge of electricity through gas state Oe 
es, | 


some of the 

of a cylindrical tube 40 cm long and 3.5 cm in diameter, provi : j 

for exhausting. The anode is an aluminum rod and the pe Be a side mie : AUTOM ATIC PI 
vi ea : 
€ al = 71690 in the demo: 


f curvature of about 5 cm. When the pressure has been req. 
Teduc 


ffects may be observed: Discharge T 


desirable to 
which the & 


having a radius 0 i 
ed'to - 
Nr | 


all of the following € 


1, Crookes’ dark space. 

hi 2. Negative glow. a P 
5) 3. Focus of cathode rays at the center of curvature of the c : ia CGsee = 
i : : athode. : P 
: 4. Greenish yellow ring of X-ray fluorescence, where the cnticas r : Ee 
i 5. Faraday’s dark space. ays strike the glass ae hy forr 
hii 6. Positive column. Eaeceeds ur 
i 7. Striking effects are obtainable when the cathode rays are deflected by a 7 is again au 
; Ne a Magnetic fda ; 1 4 

; S OSCLAD CG cesses eee sear cs ew corner cezene nes snerceansccencer iat d as long as 
- sneer ance 
31680 VACUUM DISCHARGE TUBE, Large Si vided with 

’ ge Size, f ; ided Wl 

or Lecture Demonstration, recommended for use witha: value, the 
way by th 


of the higher capacity vacuum pum i 

the | ps like our No. 92015 M 

Oe : ; agavac Pu 

3 ebb oe eos y aceas Discharge Tube, when evacnated eae 
y] p, provides a most satisfying apparatus for demonstrating aie | 


When the 
cury cut-c 
the variou 


a 3 re TOO various phenomena accompanying electrical discharge through gases at Teduel 
Bi The tube is approx : bytes! 
| lat al sina Pane rssnee? emi (5 ft) longiandiG’s em. (Zia external diametet, When a p 
19 mm (% in.) in electrodes ato 5 em in diameter. A tubulation 15 cm (6 in.) longa volume th 
neetion £0 the! pumnplluLhelt Cae at the middle of the tube provides the meas io the contre 
Wa the rubber tubing sponta a ulature is serrated for rubber tube connection. The lenght will find - 
%, 18204A) should be used Va as short as possible and our special high vacuum tubing ( ; out the d 
nections. An induction coi acuum Wax or stopcock grease should be used 1 seal all om ves 
No. 79805B or C) te 4 coil capable of yielding not less than a 7.5 cm (3 in. spats Chanecya? 
ANIA ae required and the intensity of the effects will be greatly meme” the relat 
The speed of evacu ray transformer such as No. 80315A or B or No. 803204). gS 
permits the pronreser possips when No. 93000 Cenco-Hypervac Pump is used with the AS Cese 
introduced and the Pi ne CiscDanee phenomena to take place so rapidly that a Oe ae 
miliarize the students with ae repeated several times in a few minutes in ordet sot Note: For 
e characteristic appearance at various stages a8 erase 22,000 cx 
ving two SUMO. a | Apparat 


diminishes. For thi 
this purpose a short glass tube with side arm containing 
es other los 


series should be co 
upled between the tube and the pump. Various 82 
s varist "895 VACUUM s 


be introduced 
through ‘ : 
be studied and gh the side arm in varyin i 
: ( aracte 
| demonstration aHeaee with that of a enone Bae Gn constitutes a ne ; tion upo 
| ret palcady intro uctea i nly enlists the enthusiastic interest of the student but ant ok 40 
iniede tubes, gas rectifj 8 the various applications and theories of electri bes: wits | cathod 
; opcock tube ers, mercury vapor lamps and rectifiers, and X-ray are it § mm 
ee wie an in 
i 71682 Stopcock Tube, for : ee 
The in.) long Ae ae No. 71680 Vacuum Discharge Tube consisting of ago huores: | 
tube is used for Acai (% in.) in diameter with side arm CO tainine ripe gg Se : 
mitting air or other gases to the evacua ed Dischate® , ; 
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VACUUM DISCHARGE TUBES 


71690 AUTOMATIC PROGRAM CONTROL FOR DISCHAR 
as , : GE TUBES 
Lae Cee oes ceca discharge in enh Cae No. 1,975,561) for use 
desirable to repeat the cycle of ea and 71680 are used Teenie Maaco 
which the green fluorescence of the glass ey gee sore ore CLONE to the stage at 
. 5 


The Cenco Program Control Unit for discharg i 
mnomeles principle and so designed thal aulomaticaly lets enough al nt he discharge 
aes com Oe a ee es en ee ee 
iS ake ages to ye ey oe Seen ater whieh a 
and pump as alae a Ae SOP eT ean hese ae is connected betwes ihe Gee 
proximately 20 liters capacity, into which ROSHISeTS eave nok a ee bottle of ap- 
S gh ¢ ary tube pro- 


vided with a stopcock. When the pr re i 
ee Wn a pressure in the flask has been built - : 
Bee the eras BOR one wach constitutes the shut-off is ae = OE tee 
NY MNase is alr irom, the flask is admitted to the dicchaine res 
ee WME RS Biokes ae ween the flask and the tube becomes equalized: the aoe 
ee Cee eee passageway which permits the discharge tube to pass thr aR 
ge stages. The time of one cycle is determined by the rate eS ee 
g, 


by the capacity 
apacity of the flask, and by ther i ir j 
Coen » é by the rate at which air is permitted to leak 1 > flask 
volume tha A D Oe eteaege like he Hyvac is used, the reservoir flask pee ees 
Hae eT 2 ump, for example, is used. The length of the ‘eycle is withi 
of the operator by varying tt ath of the. eae 
will find the C y varying the several factors mentioned. The de strator 
r secs i : : ; emonstr 
cottihe dis mig I aa eae oF gee ON Os Raat because it enables him eh 
“ ea -eadmit air into the apparatus at each cy i 
various stage ; : pparatus at each cycle, to discuss 
ATE San ape dscharge and point out the relation between the appearance of the AS 
Heercls Hon me eoue in the tube. By permitting repetition of the cycle four or five times 
Breeton thors a 9; essure and appearance of the discharge is much more definitely im- 
nd of the student than if he observed the discharge phenomena but once. 


As described, i ; 
‘Nees fo including the control unit, mercury, and the capillary air leak, but without dis- 
, pump, volume flask OY StOPPET....-------s--csc ce Each $15.00 


No. 14835—2000 ce, 5000 ec, or 


Note: F 
: For 

the volume flask we recommend a selecton from 
hich are listed in the Chemical 


22,000 cCC—yr 
Apparatus rapa weHem balloon form “Pyrex” Flasks, w 


N695 
VACUUM 
; SCALE. Set of six tubes 40 cm long, to show the effect of different degrees of exhaus- 


10n u . : 
pon the electrical discharge. 
all point of light at the 


ro), 3, 40 <i 
pcthode. No ae Gives a violet band at the anode and a sm 
. 2. 10 mm vacuum, Shows the beginning of the cathode dark space. No. 
e dark space 1s longer 


than mgcuum. The tube is nearly filled with It athod 
ght and the cathoce 
Shace, Ne iss No. 4. 3 mm sya Shows stratification and beginning of the second dark 
able green fluorescence W ere the cathode 


Tays strike 4) 0.14 mm vacuum ider : 
4 a cee glass, No. 6. hts reais So-called Roentgen vacuum. The greenish 
lh is very marked and X-rays are given off. With support frame and AC 


"sees, 
we mee 
we teeee 
thee 
Roa eay ee Seseh ental 


eceseseeere? 


ta eeee 
See enee 
. - 
Ro eee ee eee 
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X-RAY TUBES AND ACCESSORIES 


d ; i d Induction Coils. This ¢ 
th Electrostatic Machines an S tube has 
71735 X-RAY TUBE, for Use wit! for use with electrostatic machines and inductio een Uesione X-RAY 
structed especially N Coils 1748 
and cons £8 to 10 cmin length. We have sold many hundreds of them dt E 7 Thro 


ti j harge 10) int 
; Uae ee throughout the past twenty-five years and have found that With pro ie oud 
ae use they will yield satisfactory results for educational demonstration PUrposes me L The m: 
ce extremely small current furnished by either a small induction coil or ay eee enclc 
. rene this tube requires a more sensitive fluoroscope than that used with the lane @ justa 
‘oN 79810 or the modern transformers. With such a fluoroscope (see No. 71755) on ¥ 
HS Oe he hand is pressed against th the bong 7 posu 
1 of the fingers can be observed when t e an p gains the fluoroscope held a ee 
: distance of a few cm from the tube. Owing to the lack of penetration it will not pe nay q plug 
to observe the bones in thicker parts of the body such as the arm. Satisfactory results can ; jewe 
obtained by using either Toepler-Holtz Machine No. 78775 or Wimshurst Machine No, ri 4 ipa 
Induction Coils Nos. 79805B and C can be used with more satisfactory results than Elect. ae 
static Machines. Diameter of tube, 8 cm (3% inches) -..- nee eecnech $195) Capac: 
poss 
125 
Comp! 
2 
ie 
il 
N50 FLUO! 
71745 mo 
1) 
. 735 FLUO 
a Cle 
71740 X-RAY Ty so me 
BE for Inducti 9 4 for cols * 
) ; ; ted . in 
Spark length above s with regulating device so that it may be ares me i re 
Ing surface of the racial its rated capacity and readily kept in alle sti 
Owing to the heavy re of platinum in intimate contact with the hit it 8 a aa 
mended especially foy ae which are used, the vacuum remains Se irc na Ee 
length, 15-20 om with induction coil No. 79810. Diameter, 15M" gh N69 
71745 Tashi eek Mare hc neeesrscececcs uu sa nr 50 CRA 
ube Support, for NOSCARe  uT et tstaesatccestiasea consents aaa fst as ings es: 


Signed 
lucing 
Choos 
Yr Care 
Jue to 
OStatic 
E Coils 
bones 
1 ata 
Ssible 
‘an be 
78785, 

ectro- 

13,50 


71755 
X-RAY TUBES AND ACCESSORIES 


Y MACHINE, Portable, recommended for experimental work in the field of ionization. 
-RA J 
71748 X 


an arrangement with the manufacturer, 
Through “olusive distributors for this compact, 
po : 
oa ea -onsists of an air-cooled, line-focus tube, oil-immersed transformer and stabilizer 
The machine Pua seaietar oot bakelite cylinder mounted on four sturdy tubular steel legs ad- 
enclosed In sae t from 18 to 30 inches. The case is surmounted at each end by metal plates 
justable a Bee Ree directional angle divisions in degrees for indicating the angle of ex- 
ST Ar ine clamps enable the cylinder to be rotated and firmly clamped to any 
posure. Adjust Piane end plate is supplied with plug for foot switch and the other with 
angular tags Athen of line cable and pin-bayonet socket for ground connection. A red 
Ee aa aanecaeting serves as an indicator for filament illumination. To use the ma- 
jewel : aks 


Central Scientific Company has been ap- 
portable, self-contained unit in the educa- 


: yh a ; 2 ine 2 ei tly connect 
‘ro it is necessar to insert the attachment plug of the line cable, proper ‘ 
puoe. ea cliewear cae machine is ready for operation. Recommended for intermittent 
> groul  @ We = : - 
ie i accordance with instructions supplied. eee Poe 
ee 6 000 volts and 10 milliamperes, with automatic compensation regulation maki ig 
pce ye nee machine on 60 cycle A.C. power sources with possible variation from 95 to 
3S e 4 k s 2 7 « ’ ] . ats) 
195 volts. Recommended target film distance 18 to 30 BAECS ies roca 
Cc plete as deseribed with substantial double-handled carrying case... 4 
omplete aS desc 


71750 


4-4 » hand, etc. With re- 
1150 FLUOROSCOPE, for use with X-ray tubes in examining ine bones gh the baa Foch 16.50 
movable calcium tungstate screen, 12.5x17x5 cm (5x7 IN.).....------ 


i his fluoroscope much 
ea FLUOROSCOPE, Commercial Type with Barium Platino-Cyanide Screen. With thi 


arm. internal parts of coils and other 
clearer views o : f bones of the hand and arm, Interne “sed by. radiologists 
mechanical iteme Renata No. 71760. This sur oer See Eble We strongly 
in the examination of broken bones and is the most ef ne ae ast of their Koray, demon- 
recommend its purchase by institutions which wish to mee erento Cale No. ita X- 
Strations, A very satisfactory combination consists of Ne tee eared Guithe insi de ith Blass 
or Poa Pa abe pe Tor examination or See eE alL00 
protection from dust. It can be readily remove 


LRT E Eee ee tee pe) A rr ypuuirniy rl 


- thi irpose 
ts st plate for this pv 
PLATES for Radiographs, 5x7-inch, recognized as the best P Per package 2. 


ket. In packages of One GOZEM.......---s-se-seet 
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X-RAY TUBES AND ACCESSORIES 


19937058) aes Simplification Of des. aa 
APH, Cenco-Hahn Rete M. Hahn in Review of Scientig, Tet i 4 
X-RAY SPECTROGR/ i ‘described by WS tr of such an instrument at a relating 
71765 ‘-ray spectrograph, possible the ssible greatly reduceq time of "ad 
xX 696. 1931, has made } ew type has made po € : 
2, 020; bon) oe the n ’ ane. ; } 
price. Further aghs of X-ray spectra. _ raction pattern is to be obtained, jg 
Saeinine photographs eeorn which the diffrac on’ this Giclee detute = i 
obtaining materia cays, falling up ee ; ; , are as 
In principle, the lar band, and the ray “shells,” the base of which is the circle, a 
“a narrow oe aw of coaxial con re lengths present in the radiation from tube 
fracted in a series id upon the wave le ting substance. The apices of the cones aye 
f which deper f the diffracting : ally 
titudes of which arrangement 0 center of the circle mentioned above, : 
the crystal ee passing through ee is so placed that the axis of the cones fis na 
Gn ihe Te OL ee If a photographic vill be a focal point of the rays of one Dart 
dicular to od ees tee apex of each Ee eeare band of diffracting material. Thy. a 
sensitized Sea EFA every point of eras coaxial cones and is perpendicular to their cog. | 
length, Core. is plane which bisects) iation will therefore appear on the film as isosceles 5: 
other 2 The conical shots ous Sree of which lie atone ee line at distances wig 
mon coma : 3 non ase, ths can be n 
angles with a as which the X-ray MeN Soca Spectrograph are as follows: Themaiea | 
give the Sree rh raitcitern (OF GAC parr re: either in the form of thin sheet When meals 
e details of const ye - c 1) ~ 2 ore : f 
be nvestigated, Seam ete SF Weentte sheets of cellophane, = vee io 
‘used, or in powder eg a frustro-conical aperture be ve on 
lar slit. This slit is ed Seat cone, 6 cm long, and 4 aan oxtemallg about &5 tall 
one is the frustrum o es rely. The outer block is cylin ce = ae inner Becta 
d_small ends, me hee vith the inside carefully turned ily ith the outer one on ames 
5.7 cm in serrate eats block is mounted coansla set its settings on ta 
they are in contact. : *s a dial by means of w ” the slit wath 
) van y = ears E ‘ * Tet ee ved, the slit * 
. screw. At its larger end eee As the inner block is unscrewed,” ia 
identified, and slit ie ieee 1 mm. The slit system is pay the film hai 
Its pee eci en if sea end of which is a stud to assist held re the axis of the comics a 
a canceled that the film, #.2 cm ee used, and both sides tai 5 
Ss SO CONS A *} d. Dup 1t1ze 2) ular 2 
f) settee reyv sl] describe ; rith an ann pert 
: MERI OEE consisting of two aaa er which fits sue . 
PUNE ori: aa the slit systen The iron Mae 
sether by screws, is held in place on film holder. 
hole ine The same stud supports ee foe or ec The slit system ast 
ting the instrument is provided with ear coats of glossy black japath : 
r have a black oxidized finish, and the base 


f thea | 
-ray tube at the apex #® ie 
use, the spectrograph is set up with the focal spot of he a a Ra with the samp — 
SARAGer by the slit, and the film is slipped into the eee effect” gives strong tube was 
in position. Exposure may then proceed. The ‘“‘focuss lvbdenum water-cooled ole diate 
ima in greatly reduced time. For example, when a me ae with a target-to-sampis as 
Operating at 25 maa, self-rectified current and 40 k. v. peak, 


A intense 
ive an int 
20 em, an exposure time of four hours was found sufficient to g 
tern with most substances. 


The ease of Operation of this apparatus, its ac- 
curacy and short time of 


€xposure required 
recommend it < i i 


T 


1 


71770 Sample Holder, 


a, for No, 71765 C -Hah 
X-Ray Spectrograph enco-Hahn 


Ueskesk iene ft ee tea Each 3.00 


€ materia] 
1 metals 


ck snugly 
on a mi- 
he screw 

it width 
end of 2 
n holder. 
e conical 
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COMPANY 1269 


78775 
ELECTROSTATICS 


‘ 1 is form of energy. Consists 
ale a of a ruggedly-constructed, handsomely-finished machine of the Toepler-Holtz type, which 
, it Necesg ; gives very reliable performance in unfavorable atmospheric conditions The stationary plate 
€ source being — is 14 inches in diameter and the revolving plate 12 inches in diameter. A spark of from 3 
‘Y Tepeat Tead- to 4 inches long can be obtained, depending upon the weather conditions and the care in 
might be made adjustment of the collector. 

port the needle — ; Special features of this machine are the treated glass plates, which are protected from the 
1€ point where Y effects of moisture and do 


brushes; the high ca- 

4 pacity Leyden jar condensers; the easily adjusted condenser shunt; the provisions for pre- t 
terpoised with — venting the plates from striking together or against other parts of the machine; and the ie 
ent. The scale 9 adjustable drive wheel, which permits the correct tension to be applied to the drive belt. { 
ions there isa All metal parts are finished in an attractive black-enamel with nickel-plated trim. A pair of ane 
| = nickel-plated shocking handles with chains, an attachment for holding demonstration ap- if 
eds through j pliances, and directions for assembly and operation of the machine are included..Each $30.00 i 
harged to the — _ 78780 STATIC MACHINE, Wimshurst, Cenco-Improved Form, for use similar to No. 78775 Toepler-Holtz . 
the needle the =f Machine, but of the very dependable Wimshurst type in which both plates rotate in opposite 
in be lowered directions. The Cenco design will be found to give remarkable results for a machine with 
in the Cenco 10-inch plates. Under favorable weather 
e to wait for F conditions a spark of from 3 to 4 inches 
: : a long can be readily obtained. 
ase by meals Special features of this machine are the 
et which is sturdy black-enameled iron base with 
ort, t the en- Supporting members as integral parts to a 
por : assure perfect maintenance of the align- 
scale ment of all operating parts; the treated 
ing the with glass plates, which are protected from 
ernally pr0- a the effects of moisture: the stamped 
WS OF OS aluminum sectors, which are firmly 
our fot 4 cemented in place; the high capacity | 
conn’ ial Leyden jar condensers; the adjustable : 

jn wh q conductor rods with nickel-plated spheri- 
j iD cal knobs; and the quickly-adjustable 


shunt for the condensers to permit secur- 
ing either heavy intermittent sparks or a 
Continuous discharge. 

All metal parts are finished in black-enamel 
with nickel-plated trim. Furnished with 
complete directions for assembly and op- 
elation: 3s @ Mase Mie Sie Bic Each 30.00 


i 
For experiments emplov/ Te tus see I, & M. Exp. 42, p. 131; K. & O'D. 
ploying this or similar apparatus se p. 42, § . 
N36 Exp. 38, p. 84; A. & B, Exp. 60, p, 337; S. & M. Exp, 61; Sm. & Mi p. 147, 


IENTIFIC 
2 Act; SC 


ELECTROSTATICS 


-Improved Design, with 20-Inch Glass Plates, This Machine js 
Gaines 2 static ma ch is dependabl under all oper. 
i ditions, which gives a large enough Spark for al] lecture demonstrations and 
ating conditions, yw isti 


ype with corru 

Jimshurst type is v ightly affecteq _ at =a ae 

The Wimshurst ty a c ried TES it is much better Suited for Td ee monstrations than 
eine ae ee c ady for immediate use, and will give spas aa 
Tae inches) in length. An auxiliary spark 99p attachment js Provided for use in X-Iay 
demonstrations. 


78835 


78840 
78845 
78850 
78852 


T8855 
ploying this OT simil 
Exp. 38, p. 84;A.& B 


-K.& 0D. 
ar apparatus see I. & M. Exp. 42, p. 131; K 
Exp. 60, p, 237. 


Static Machine Replacements 
78800 Revolving Glass Plate, 


ie isks and but- 
Toepler-Holtz, for No. 78775, 12 in. (30 cm), complete with ors 2.00 
ns; 1 in. center 1 nna tee te (80 em), complete with 


78805 Stationary Glass Plate, Toepler-Holtz, for No, 78775, iI 


Sie hs LS 
78810 Glass Plates, Wims 


diameter: Complete with sectors. 
Nop ey 
Diamet 


hols (sae te oN A B 
eter of center hole, in 

For use with, ma 

Each 


3% Hes on 
bee NOD ao 


T8860 


18865 


Ni3g 


Tl 


Le 


CENTIVA 


73620 78825 78830 78835 78849 


ELECTROSTATICS 
15 Gloss Plate, Wimshurst, for No. 78785, 20 in., complete with sector 
188 


Jar for No. 78775, about 5 em : y Eee 
78820 fo ol eater note below.) 4 Inches) high tin 


ie Each 1.50 
79825 Leyden Jar for No. 78780, about 3.5 em (13 


tinfoiled. (See note below) 


inches) high 


ameter by 16 (614 inches) high. tin foiled. 
(See note below ) 


= Se —Esch 4.50 

Note:—On account of changes and improvements in the design of Static Machines from time to 
: time, resulting in changes in the dimensions of Leyden jars, it is necessary in ordering re— 

shine is placement jars to give (1) the outside diameter of jar at base; (2) the height over all of jar 

Ul oper- without top; (3) the method of attaching jar to base of machine. The catalog number of the 

| which jar and machine is not sufficient to insure receiving a jar which will ft the customer's 

to the machine. 

scharge 

are of 


18835 Brush Arm and Brush, complete with washers and metal nuis to fas 


ten to No. 78805 Siationary 
a ea ——— beac ao 
oy peo 18840 Brush Holder and Brush for neutralizing rod of Toepler-Holiz machine, older style___ Each 5 
sua 18845 Brush, Brass Wire Tuft, for insertion in the brush holders on any of our static machines. Each 15 
» Ley- @ 2850 Disk and Button, one piece, of metal, 13¢-inch disk, 72-inch button, for revolving plates. Each .10 
spark 18852 Sectors, one piece, of aluminum. ; = 
ro : No. ie RP oo FESS PROS ESSE ES SOC RE SS SES EO SECO = =a ~ 78785 
rials, = Eoesialic Machine None o ee BASS 
aoe Foch <=... a EO. er . : 
ee = _ D Per dozen ait OSI SOS CCS TSS A 35 35 
30.00 


; z - i i lates. Thickness, 

: r coatings of Leyden jars and static machine D SS. ERICKRESS, 

. One pena about 48 square feet. The foil comes in — es be 

and each package contains a continuous length of foil as indicated in the listing ce 

Proximately 36 inches to the ounce. 
No. 


ae A B iS 
CN go OS Om mee aw omnes 1 4 
Sizelot package, ounces: wit iets aiuedl manne aenene A eS Je 
if SFiPackage 25 ie ge a ee Be Se eee reg vi eee ee 
f $60 TIN FOIL, Pure, Same grade as No. 78855, but O.00ta inch in Lapua i rolls 12 ; 
q ees es ESL Avo ouorsuaraiely 1b) estes (ROE . : c 
ize of pacha rim ; 
i Size of Package, OO aaa aaa aca TE 35 15 2.50 
| Tees Per Package Maas is 
* i ines. 
, se Belting, Round, for use in making drive belts for Static Machines, = 2 
Ee ry Pee enki ke ‘ 
Diameter, indhes tPF Ie Es a een 
Per Rae inches oe a heme ane Sere eo ee eee 


OAS maeee ne wewccnccnceccenscsssooen= wemcwecseeesen ees seeessen ee 
-—_ 
tome e renee 
“tae a =-- 


COMPAN, 
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78960 


78910-15 78979 
ELECTROSTATICS 
78900 CONDENSER PLATES. Metal plates 10 cm square, mounted on wooden bases with sprin 
for CONMECtIONS..-.ee-eeeeeeene = Oi, dice a Jets of 3 ae 


&r pair $0.5 
For experiments employing this or similar apparatus see I. & M. EF 


Lp. 43, p, 134. 
Exp. 61, p. 334; Rich Exp. 49, p. 165. P. 134) Ae 
78902 Glass Plate for use with No. 78900 Condenser Plates in making a simple glass plate oo 
Approximately 11.5 by 12.5 cm. Coated with shellac on both sides... Eee 
| c 35 
78910 LEYDEN JAR, pint size, special glass, nickel-plated brass rod and ball; jar 85 ys 
in diameter, 13 cm (54% in.) Wigyr._---------eeeeec eon eeen ee ee eee ene eect eect aa Noe a) 
10% discount in lots of 3 : 30 
78915 LEYDEN JAR, same as No. 78910, quart size; jar 8.5 cm (3% in.) in diameter, 26 cm (8% in) 
a eS RCE ee | Each 250 
10% discount in lots of 3 


78920 LEYDEN JAR, with removable coatings. Height of jar, 


17 cm; diameter at 5 io 
over all, 25 cm top, 9.5 cm. Height 


Senn naan os onan na sana: eee Each 4.50 


10% discount in lots of 3 


78925 CONDENSER: High voltae: jbevden sore of Pyrex glass. Condensers of this type have heen 
ound, over years ot use, to be much superior both as to dieclectri a i 
of insulation resistance, to condensers ondenee Se 


ot apsulat of lime glass. These condensers will withstand 20,000 
INO} & sansserinschoss Seer an a oe ce re 

Diameter, approx., cm tt ae Cee aa 5 i 

Height, approx., cm asisersttioanseiscttn DO ee aa. 30.5 46 

Height of coating, approx,, Cm... a 15 i) 

Capacitance, approx., u uf... Pes ae 1200 2100 

Each; ,:0:2. conn a es é z 5.75 8.15 
78955 BRASS CHAI ith ri 

Soe AINS, 45 cm long, with ring and snap for connecting accessories to static machilt 
Mime en ke See Per polt 


Ebadi lia ESPNS nickel-plated. Length over all, 9.5 cm; diametet ay 
i at 


INSULATED STOO 
L, of black enameleq hardwood, 30 by 35 cm, with glass legs 
78970 DISCHARGER, Plain, 


et pait 


fi . 
1xed arm rubber handle, length about 25 cm 
10% discount in lots of 3 


eae 
acene 
Pereira 
enceccencnnsenseness® 


13980 


18985 


78990 


13975 
pISCHAR' 


show : 
No. 78 


UNIVERS 
hard 1 
which 
tachin 


HOLDER 
Witho 


CENTRAL 


i itivic 
‘ a f —— i i 4 
Nate : oe PA , : 


1273 
} 
| 
cf 
Z 
38975 78980 78985 
| 78990 
ELECTROSTAT] 
cae Cs 
i adiustable arms a] ; 
2075 pISCHARGER, Jointed, le arms about 16 cm long, rubber hand e. T € 
a3 17 I length about 20 er 
10 discount in Jot of 3 ratte ~ 
t . 
a Sprir g cli LATE, of hard rubber, at 
ae $0 g0 LIGHTNING E pclae NLS 10 by 20 em. A discha 9e gent - 
-50 $964 our a series Ol sparks at Many gaps ina strip foie ischa ge sen Z = - ay 
. 134 xo, 78990 Holder. Without holder of tinfoil on the plate. For suspension & 
P vz, A. & B ; 10% discount in lots of 2 cack 2.00 
Sic 3985 UNIVERSAL SUPPORT, about 22 cm high, for holding our electrostatic acec c 
eer: er hard rubber rod mounted on a gloss-black enameled iron base At th. : 
7 35 whic a socket in the base of the accessories and to Shien tae : a metal p 
taching a chain from a static machine : whicn is co a hook for at- 
Cm (3% in 10% discount in lots of 3 Each 1.00 
Each 2.50 
«39990 HOLDER io! Geissler tubes and No. 78980 Lightning Plate. Designed to fit No. 78985 Supnccs 
’ Without Geissler tube OTRO inti , 3985 Support. 
10 discount in lots of 2 : Each .65 
cm (8% in) 1%, count in lots of 3 


5 cm. Height 
....-.Each 4.50 


C 7 = igi i 
: agli 
oe have been — 
maintenance A £ 
hstand 20,000 


Pics 


oe 2 : 78995 


1995 IMAGE PLATES nickel-plated, 16 cm in diameter, one with socket to fit No. 78985 Support, the 


: kf i : ‘t of the static machine. W ith figures are placed 
Soe ook for hanging from support of the static machine When pi 2 
ee es ; perce) charged plates they commence to dance. Without figures... Each 2.50 
és “— 10% discount In lots of 3 
2 cm. "3000 ELECTRIC PLUME, of paper, illustrating repulsion. When cohneeis {o-stalic ee uate 
eter, 1.00 of paper will repel each other and spread far apart. Designed to : mt Lene 
i af Tod, 1] cm. ee eee 
E h 4.00 10% discount in lots of 3 
cht zs 


: on of charges. Designed to fit No. 
oe 78 


C CHIME, Five Bells. Illustrates attraction and repuls! to At No. 


985 Support COMIN ea oh Sad ees a 
yisé a % 10% discount in lots of 3 


eT 


cosas tN: 


iia ia 2 


enact tC AOTC 


Sa ee 


uN TRAL SCIBNTEPIC 
CHK! 


79010 Te? 
ELECTROSTATICS 
79010 ELECTRIC CHIME, Two Bells. Illustrates attraction and re 


static machine attachment__-----------------—- coe - 
; 10%, discount in lots of 7 


hardwood base covered with a meta 


= 

} or: — 
plate. A knob a 

e > 


~” 
io) 
QO 
= 
m 
Me 
toy 
i) 
3 
o 
© 
ct 
> 
fe 
o 
@ 
o 
© 
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m 
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=) 
baie 
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79017. Smoke Candles, for use with No. 79015. In boxes of three 


10% discount in lots of 12 bozes 


79025 ELECTRIC WHIRL or FLIER. When the whirl receives a charge it roiesec — = C- 
density of charge at a point. Designed to fit No. 78985 Suppor: tine, 


3 a 


10% discount tz Iots of 


it] 


77965 FARADAY’S ICE PAIL. A nickel-plaited can 7.5 cm in diameter by 125 em ict 
of about 575 cc, for use in distribution and induction experiments m at. 


10% discount in lots of 6 


76702 


79065 


76702 FARADAY’‘S i 
pista thea i wanes a wie gauze 20 cm long by about 10 m2 
anil Ali - Useful for ing No. 78705 iroscope frum SS 
electric fields and for other similar anes gel es eS ae ix 
Mv> - v Zt Se = . & : 
10% discount in Jots of 3 ny 7 
79030 PROOF PLANE, 
to another 


Y 


A metal dis] i : 
1 ulcanite handle for transporting a charge fom a 


79065 FARADAY’S BAG. When the 


the outside. Bao 7 bag is charged ver re always PES 
-0& Bag 7.5 em in di Sed and pulled inside out, the charge 21WS35 age 
em high; height over all, a nee and 21 cm long held by a ring on insulating Fo 5 


Pep : 
10% discount in lots of 3 


cow 
Sire 

Jar ,? tr @ 
Ss Brox lo Z c 

ITougt > ir 


Wustrates Brest 
nN SP ir 


in diameter, 
from exter- 
Each 


m one body 
___.Each 


mains oF 
and about 
_Each 1.25 
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79090 
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79075-8060 


ELECTROSTATICS 


woLLOW CYLINDER, bras: “plated, 6.3 cm in diz 
i, a + Dp tn Dalis s elec iCl € a Tr 3 Pe ~ $ 2 
ght over all, 33.5 cm; to top of cylinder 265 ais ve : - 
aa . Esch $2.50 
as HOLLOW GLOBE, of brass 
poate es le of a con r._ Each 4.00 
p count in lo of 2 
agen BIOT’S HEMISPHE ES, for use with No. 79075, consisti t 
0 emisphe with hard rubber handles about 11 ¢ as ‘ = Guan 
re be removed by placing hemispheres abo ar pemiae 
oe Each 3.00 
10% discount in lots o 
|NDUCTION CYLINDER, brass, nickel-plated, 5 cm ind 8 cm long I 
detidiatad able pith V 4 10N6, ON Insulating stand 


10% discount in lots 


\ 


79100 


INDUCTIOM SPHERES of brass, nickel-plated, 5 cm in diameter, so mounted on insulat SUL 


that th an be brought into contact. Useful in connection with No. 79085 Cylinde 
showing the separation of positive and negative electricity by induction. .1t over all, 25.5 
em; hardwood base, 10 by 10 cm.............---.------------ pecs Per pair 4.50 


10% discount in lots of 3 pairs 


19 ~ 
095 ELLIPSOIDAL CONDUCTOR, brass, nickel-plated, 10 cm in diameter at large end by 15 cm long on 


insulating stand, showing unequal distribution of charge. Height over all, 28 cm. Each 6.00 


1910 : d ies 
0 ROTATING DISK. Will rotate rapidly when connected to static machine. Disk about 8 cm in di- 


1136 


ameter, Designed to fit No. 78985 Support eer ree hes a Each 5.00 


RAIN NMA Ie 


SCIENTIFIC 


CENTRAL 


N OUTFIT, for use with any electrostatic m= 
: a3 S 


Outht which ; 
» With separate Compartments + 


1. Universal Support of hard rubber With mW, 


S Hail Stor mand Smoke Cos. 
tripod base, tapered Plug and side arm denser, With Slass Shade, box of pee 
for connection. balls and pith images @nd box of sme 

2. Leyden Jar, half Pint size, of varnished Candles. 
Blass coated with tin foil with cork-lineq 10. Electric Whirl or Flier, with swperins 
ebonite lid, collecting rod anq discharge DOint. 
knob. 


co 


: s acing Ball. With two metal 
Discharger for Leyden Jar with fixed 11. Raci = as 


Dlates, glass 
ball and Connecting arm 
arm, knobs and rubber handle. : re 4 ee aS 
4. Lightning Plate of hard Tubber, about 9 12. Rotating Disk, of hard Tubbs = 
y 20 cm, with a Sesmented strip of tin cm in Fe aie 
foil and eyelets for connection. Color. A Support with once 
9. Geissler Ty €, 15 cm long. discharge Points, with Connecting he 
6. Support for Geissler Tube. IS included. « ahoek fe 
7. Electric Plume of Paper to illustrate re_ 13. Pair of Shocking Handles about $ 
pulsion, long, ae fen 
8. Electric Chime, 5 bells. 14. Pair of Brass Chains for aE 
Dimensions of box about 35 by 50 by 8.5 cm. Complete as described and illustrated. Each $ 
GEISSLER TUBES are ma 


ej variety of designs of uranium 
the effect of design in illuminati 


iron and lead glass, showing bi 
71480 GEISSLER TUBE, 15 om ton 


bed 15 
set 5 
T, 15 em long, set of six assorted in box ss 
Foch LY 
BME ee vee wt? 
long, set of SIX assorteq in box... eer 


Form, 28 


sowie 
eS b, comple® 
Cm high, with uranium glass spiral in bul Fach 5 


ne 


T9145 


79147 


T3159 


— = 


Xe 


CENTRAL 


ith seamless 


Vi 


iw 
oO '- 


c 
2) 


S55 ly b 
vidually tested soy Sells, 
etween them, 
nd 45 volt connections. 
or ane ar 
Ss coniribuie t 
Specifications: 


moisture- 
The individual 

thus free from leakage 
ss of the voltage and the 
784 inches; width, 84 


4 r 


electrolyte aes 
“covery during periods of rest. 
*: depth, 314 inches: weight, 914 Ibs... 


1t, over all, 


wer 
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a 
80700 80705 
HIGH FREQUENCY DEMONSTRATION APPARATus / 
nco Design, for performin 
80700 TESLA HIGH F REO U ENC ati, BEN Soren cunere The ee “eMOnStaton 
and instructive experimen ANEMIA GO meaticmens Gt space for ampl as een Made 2 
compact as possible, consistent t tial parts, other than ~p. ~SUlation of th 
high voltage circuits, and consists of wo essen p S; er than the so (2 
which is needed to operate it. These are the high voltage condensers with spark gay Me 
the high frequency transformer. 
igh voltage condenser is oil-immersed, with bonded mica dielectric. | PM 
eee oc otarade equivalent to that of four large (42x14 cm) ee ae 30710 HIGH 
mounted the spark gap of silver, with cooling fins and screw adjustment. Binding poses apr 
provided for making connections to the high voltage source and the Tesla transformer oe 
The high frequency transformer consists of a primary and a Secondary coil, mounted on a rat 
black finished wood base, with their axes horizontal. The primary coil has an inductance inc 
value such that the frequency of oscillation, when all its turns are connected in circuit with 
the condenser and spark gap, is somewhat lower than the natural frequency of the Secondary The | 
winding, oscillating as a half-wave resonator, i. e., with a potential node in the center ani ae) 
potential loops at the ends. The best response of the Secondary is obtained when the two 0S a 
cillating circuits are in resonance. Adjustment of the primary to resonance is easily made by his 
including somewhat less than the entire length of the primary winding in the oscillating cir- aS. 
cuit. For this purpose, the connections to the condenser and spark gaps are provided with on 
spring clips that can be attached to the primary at any points selected. The connecting wires ¢ 
are rubber covered. The secondary winding is Supported coaxially with the primary. It cor of 
sists of a large number of turns of fine copper wire, wound on a Bakelite tube with end plaies, Ose 
and impregnated, for better insulation, with Bakelite varnish baked on. At the center of each Th 
end plate is a metal stud, in which a ball-ended discharge rod is swivelled. By turning the ay 
rods, separation between the balls up to the limit of the discharge distance is made. Sine “le 
the maximum high frequency current ‘obtainable is about 75 to 100 milliamperes, ope mS 
tion of suitable X-ray tubes becomes feasible, in addition to many other specnclaeS do: 
een ae as Souree of power, No. 79810 Spark Coil, or Nos. 80355-80360 peo mi 
source * wit) condenser, spark gap and Tesla transformer, but without se of 
ITS sats cden yrs ctactsse~ ine teec fr asnst- on rs Beea 
80705 7 % ser has cul 
“Tonal ie ten No Fn eh Pegueny Appa Ta et 
insulated eerinats sane 18 oil immersed for insulation: It is provi . proxim aly ui iS 
microfarads, Tt. wil a ae without the spark gap. The capac aa aaa Re large cae fee 
ance makeg jt Suitable for ee os with together With Ss an for high ¥ in Ma 
er purpos ARE condensed Spark sources in spectroscopy an rind amples Th 
therapeutic apparatus SO be used for high frequency circuits of the otal with a ce] 
alling TIBhE, 1036 inches, Wit Tesla transformers, The outer case is of frcient re¢ 
Slings ea.” °S; depth, 9% inches; width, 4¥ inches. With suffici®®” Each ; , i. 
inane eee tee ree eee Tt hie all 
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Because of the relatively low voltage and high 
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HIGH FREQUENCY DEMONSTRATION APPARATUS 


HIGH FREQUENCY GENERATOR, Cenco Bipolar, for o i 
apparatus provides a source’of high voltage igh Trequanch ener ye ves A, Thi 
than any other similar device commercially available. It can be used ina = ae of int oe 
ing experiments, as described in connection with No. 80715 Frequenc Ph Homeha ASeae 
ratus. Its high frequency spark jumps a 12-inch gap with ease. The Get Gas 


inch gap is about 90 milliamperes. 


The Cenco Bipolar High Frequency Generator is a self-contai i iring = @ We 
tion to a standard A.C. outlet by means of the connecting an aad ae with: the 
outfit. A five-point adjustable impedance in the low frequency circuit permits variation over 
a wide range in the high frequency output. The transformer for producing the necessary 
high voltage for the oscillating circuit, the high voltage condenser and the variable im- 
pedance are all permanently mounted in the base of the apparatus. The adjusting switch is 
on the front panel of the base, and the socket for the connecting plug is of the flush type, 
at one end. On the base is the adjustable spark gap with radial cooling fins, and a pair 
of binding posts intended for the connection of an external inductance so that, with the 
oscillation transformers removed, high frequency current is obtained in the inductance. 
There are two oscillation transformers, so wound that their instantaneous voltages are addi- 
tive. Both are removable from the base simply by lifting them off. Connections into the 
electrical circuits of the base are automatically made when the transformers are properly 
located. The oscillation transformers have their primary and secondary coils imbedded in 
an insulating wax of high insulation and dielectric strength. There is no danger of break- 


down. Kz j i lite cylinder with hard rubber end. The high tension ter- 
n. Each is encased in a Bake ie oT hard rubber pillars to the knob terminals, in each 


minal of each secondary is led up t Ss 
of which a discharge rod with ball terminal is adjustably held. 

‘rent values in the primary oscillating cir- 

aninacie and their relative placement, high 

k gap small, the spark has the brushy 

h voltage high frequency 


cuit, and the construction of the two oscillatin 
tainable at hig king corona ef- 


efficiency of transformation results. we the aun 
appearance of a low frequency arc. The powe? : -oducing stri 

is suitable for operating aie melting thin aie nace ei averal feet and performing 
fects in the dark, energizing gas discharge tubes a Fa in the neighborhood of Leo Rocycles, 


many other experiments. The oscillation frequency ; harm, and with only per- 
€ current a be taken throug t the slightes: nt is minimized by 


h the body withou’,, he curre 
ceptible sensation. The perception of the “shocking” due Oy touching the gap with 
seducing the spark gap to a very small separation, an’ off iency of the oscillation trans- 
foeuck of paraffin The latter procedure increases (ig approximately aginghss ng 35.00 
ormer, ry uency General °C, Onl Yeneee ac : 
all, 25 inches long and 16 tae: avice For 110 volt 60 cycles A ‘f 


SCIENTIFIC 


C 
CENTRAL g 


HIGH FREQUENCY DEMONSTRATION APPARATy. 


TUS, for use with Suitable go 
CCESSORY APPARA D Sour 
s0715 HIGH pike cr and 80710). For the convenience of tea 
Seen sath frequency currents we have assembled a 
strations 


© Of hi 

Chers who desi. teqy 
e fe 

Pparatus re to gi. Ce, 


eae : Capable Ave 4 
periments outlined in the accompanying sketches (with the €XCeption a0 Dery, te 

the ex ; : 
10n. Ip 


Py 


<-ray tube), and many others incapable of adequ 
trating the X-ra} 1 Spe 


case with full directions ...-..:--.--.ssscsscsssssseen asc 
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Transformation into Static Electricity Destruction of Dielectric 


Electrostatic Motor Effect of Air Blast on Dischay 
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X-Rays—Fluorescence Igniting Wood with High 


sta : = IGH | 
Lighting Gas with Lighting Vacuum Tube 80725 H a 

Frequency Discharge Finger Tips Without Connections a q 
ris 


. . ce 
Hysteresis—Induction Resonan 
Furnace 


Resonant Circuit With 
Ondenser 


Lightin 


& Commercial Lamp 
on Cur 


Lighting Commercial Lamp 
Tent Through Body 


on One Wire Nag 


HIGH FREQUENCY PEMONSTRATION APPARAT 
GH FREQUENCY OUTFIT, Cenco Midget Tesla US 


: for 9 erat; 
SS V: ystems for minut z °Peration °n 110 volt 
ing glass vacuum sys : ute leaks Which ‘ Olts 60 for explor- 
and for use as a lecture demonstration device and neces easily be located by o S 
former, permanently connected With flexible ¢ uctors { y- Consists of a high y 
plies power, and Provided with gle sw Starting .~ OSCillator nj 
is a compact combination of adjustable quenched gs Ka : 
Tesla transformer, all encased 34 5 


Zap, mica’, et € oscillator ‘unit 
in Insulating Shie] ; , -Insulate 

terminal of the secondary of the Tesla. The double spare gap ig Ption of the high 
of varying the Power output. The exposed termina] of the Tes] % Bree oe tie 
a copper “brush? Consisting of a multitude of fine Copperyinees Second 

output, at a aioe Go ay megacycles, Tanges f 

ing on the adjus ment of the gap, a maxi : z mpel 
mine inch. The oscillator unit fits the hand, sor tees "ne spark Ses 
to whatever device or apparatus js being used in th 


go720 HI 


i ken through the bod Without the 
, together With the relatively large current obtainable. enables 
be performed with great facility and 


1. Brush discharge (corona). 


5s Lighting Geissler, neon or other Sas dis- 
2. Generating ozone. charge tubes. 

3. Igniting a splint of wood. ; 6. Lighting a 10- 

4, Lighting a gas burner with the finger 


Watt 110-volt lamp through 
one’s body. 
tips. 


nd five feet of connecting cord and separable plug 
€ descriptions of experimen tsa Each $20.00 


, Table Type, similar to No. 80720, 
; § a single compact unit. Charac- 
vith those of No. 80720 


< al ‘ ’ exciting Geissler and 
50730 HIGH FREQUENCY COIL for testing vacuum pp leakage and for exciting Geissler 

7 = i ak, 

other electrical] discharge tubes for class demonstratior 


+e rminal of the secondary con- 
; Tesla type with one terminal d is of a 
ets of ee ae fre oa aie coil is mounted ie ee = De. Ti me the 
si ae pac Any a hand. The primary is wound ‘ot is made by means of the screw at 
attachment ogee ene nam to a lamp socket, So aie will pass continously, us 
; : f high frequ vacuum line wit e 
the large end of the coil until a stream OL . oved along the vacut i the 
Saenenes 1 is then m : lainly shown by 
i any metal near which it is inal eel um assembly. A leak ques en mrodtcnenanyels 
] fact Bee theyenese ‘vill cherrinaly pass through a minute hole 
e 
Ow glow at the location of the hole. 


cr bed 2 i . 
| | ; 6 feet of = ‘ 2 An ates PePrerrer rere Each 1 0.00 


10% discount in lots of 3 
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serted in the two upper Clips. | 
Heo The secondary ferminals ol 
Paint or quart Leyden jar 
clips until an intensely 
As described, mounted on 
for protection from corro 


is conne 
bright Spark 

LO mm rod | 
sion, 


10% 


For experiments employing this 


‘arious solu- 
‘ubber tubing 


MONOCHROMATIC 


GAP, Miniature, Minor Typo. This “pparat is = 
0s spARK eis of California top USE jn ASULINg th devised by f 
in University ft a given Metal, 7B 0 WAVE lenge reeset R 
: spark speech ves , in terms Of the way. use o he f; ct { at eth Of chara = Minor Of the 
ve been Sens Ve Hom 10 | ‘lgay: length Of the red li rhe “Ngth of lines IN the 
as 36, 1924: Vol. : | , 199. lat Met; Ne of , ‘ dard 
‘ol. 1, 36, 1924; \ : Consists Of p24, + etal may yp. Mum (Bay, ehdar Meter 
Vo s. The apparatus Consists of a Plate of Bakelite Meee u advantes PPectroseon, 
Antioal bench, with a pair of double ahnestook lips ie rod fo, "hae veh pur- 
optics en eaee that the lips if ty S 10u @ ( Mping P 
‘ully aligned ; i S ( WO meta] ds j °n the | The qyo0 an 
sarelully Is Re SOTA NRTA > binding ~oS Mserteq 4 Dk The 3 are 
: i meet. The oe ah gs te S Of the binding Clips are t tt the UPper ends of the clive 
terminals of an inc Uetion coil, “Onnected t, the = 
se, the spark gap is Mounted on the Optical 
Betysion! rods and clamps. Rods Of the } 


The e@ 


p ; from our 
ds Should be aoe S to be Mined are 
an Induction ( ¢ conne a oer ‘s turned to a short 
acer “Cled to the spr ; 
ACLroOss F Maus SPLiIng Cling é 
ah ‘ the Sap, I le rod are Adjusted in tl as and 
is Obtained. “Ae spring 
mM long, Wi 


LIS ¢ th pair of c 
but Without Support. a 


% discount in lots of 3 


OY similar 
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Secondary 
Netal 


de Assembled 
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admium rods in Slass tubes 
Each $5.00 


tpparatus see Min. Exp. 101, Dp. 161, 


| | | 
SPECTRUM TUBES (Pluecker Tubes) 
. = spec- ’ { 
: ’ 1s en highly ‘ified so that in most cases the spec 
mee i wet & complete Selection of these suis pean neh Se due to other substances, 
Which are designed for Use as light sources With tra are nee et eens tube is a thick walled | 
for use as Peclroscopes and \ avelength Spectrometers for T he eens concentrates the luminescence r 
Each 3.00 ((uainting the Student with the Spectra of various capillary cae of maximum intensity. ath i 
z: Bi8@S and for having him determine the wave- in a parts Soe are of the proper area to with 
Meth of certain characteristic lines. They will also The electr¢ Sg ed by using the tubes on an 
r having | Re Ud ( ‘alas. : Pe ee an Nant en ade d the heat pu oduce a To. 79800 They are 
1e r 1.00 Use as Standards of reference in examining stan Jaana’ coil, like No. 798¢ mg sealed : : 
Eac le Spectra of unknown £ases and Vapors to de- ordinary l-ine a Spe TER which are firmly oe 
ming their Constituents, They will be found €S- welded to piaenum The tubes are provided we 
als con- pally usetur | ’ Student laboratory of hysics ‘ough the glass. yhich external connec 
e n in eon Win the Student laboratory ¢ pny throug emented on to which ext ensth with 
carbo ‘ at With our No. 86950 Grating Spectro- metal caps ceme a tubes are 25 cm in leng 
y rhe : , . ~) - ‘ s » = m. 
Hance oar: Yhich the entire spectrum of any sub tions are made. A about 8.5 to 10 cm 
Mis gee 28 “lewed at one time > capillary portion : ischarge it is sug- 
Ie 4 ) ) ‘ d i 2 Yo) i ave the car ¥ ark dise arg not 
ntents of these spectrum tubes ite bes due to heavy Ni a thin spark from 
due the tubes o provide 
Note: tn order to minimize the danger of aaron be adjusted to p 
ued that No, 79800 or any other sma ‘Boch 4.75 
'e than two Or three dry cells. 
Poct, Each 4.75 
Ctr 
um Ube, Argon Gas | 7 
Each 4, 
Pecty MO Gee ene a _ 
eae Heliim Gas 2 a ee anh 
Bach 4 
Pect, 
MOMUEMENeon Gas 
Ny ™ Tube, Neon Gas ccs 
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87270 


Interior 


MONOCHROMATIC LIGHT SOURCES 
SPECTRUM TUBES 


87230 Spectrum Tube, Chlorine Gas . 

87235 Spectrum Tube, Hydrogen Gas _. 

87240 Spectrum Tube, Nitrogen Gas - 

87245 Spectrum Tube, Oxygen Gas... 

87250 Spectrum Tube, Bromine Vapor is 

87255 Spectrum Tube, lodine Vapor... 

87260 Spectrum Tube, Mercury ‘Vapor 22 2) 
87265 Spectrum Tube, Water Vapor? 2500 0s eee 


87270 LIGHT SOURCE, Cenco, Mercury Arc, for experiments in o 
Harrington’s design, with heating coil to make it self-starting, 
ventilated housing, and supplied with a 10 mm support rod for ec 
tion—either on an optical bench or a physical Support. The rod 
Within the housing is a ballast resist 
The housing is easily removable for Inspection, and the burner 
placed. The norma] life of the burner is several thousand hours. 

The filter holder may be removed from the 
“Pyrex” glass) used unaltered. The select 
mits the selection of a Single wave-leng 
for example, pure monochromatic green 

In use, the lamp is plugged in on a 110 
After severa] minutes the are Strikes 
the lamp. During operation, mercury is transferre 
upper reseryoir. Eventually the Weight of the 
the vapor Pressure of the mercury, and the 
return to the lower chamber. After afew m 
once in 45 minutes, 

The Cenco Mercury Are Lam 
development work, which 
toa Capillary of 2 
for example, 


inutes the arc strik 


P for laboratory and demonstrations 
has resulted in reliability of a high or 
oe mm bore, its intrinsic br 
Ee le, it is Virtually a line 
Mone £lves qualitative 
icien aperture, in a dark 
Without Stand or 


Spectra and diffra 
ened 
Stand tube __ 


87272 MERCURY ARC LAMP, Cenco, Burner only, 
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U Aiaike 


ptics. Consists of a small mercury ar 


or also. The lamp will oper 


housing and the mercury are ( i 
ion of a suitable filter (see No. S81) sae 
th or narrow spectral region. With No. 873105 Fue 
,1 4, the 5461 AU line, is transmitted. 5 

volt D.C. source, making the lower elect ae 
automatically, or it may be hastened by s se ‘p ® 
d by evaporation from the 

mercury column on the caplles 
are is extinguished. This permits. 


‘ightness is very high. For d 41 
source which, when viewed throng aie 
ction patterns. Projected 
room, the brightline spectrum 


for replacement in No. 87270 
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of mercury may Each 0. . 2borato 
“a ; 72 
ee 450 we Vapor | 
Foch BA am 
je J136 Ents apy 


agTZ MERCURY-CADMI 


UM 


Se! eee 


~~ Each 259 
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Pplied For ), i 


Or ishnr.< 
a > | — * “AVE ALOry Ind A a 
----...____ Eel Or the University of qe) aod eXDerimental 
ia 2.50 i0n only ~St¥Y Of Cincinn - tal 


S, With the ~p)+ 
= “th the voliage so agjnc: . 
I mercury are of OF & minute o- seg =o adjusted that a Current 
2 well-fini ws PEL OP Cwos to bring shee 
= ith which ; ~ = We vapor up to 
he desired posi. facia ach the lamp Must be operated on 110 
00 Stand Tube. ts Housing which is held in ¢} : 


in the “on” position 
rOlrs, Communicat- 


ons : being exposed 
arching to the lead-in wires is prevented, and the 


mitted through 
10 series) per- 


Supported j 
“4“PVPOTLEd On a ir DOG stand 


10, as shown in the illustration, and resistor and connect- 


" type lamp is characterized 
] fo) 


P ats = r by great steadiness. Once started, it continues in 
rode negative. nin on © Current supply is shut off. Several of these lamps have been on continuous 
lightly jarring » 1D EXCess Of 3/000 hours... .. eee niem 
lower to the 

2por Lam , er . a ry 
for P, Cenco, B-W type, Mercury, Burner only, for replacement in No. 87280. Galers sais 
a =e oe iatoiecs Se eae ae meas = kG . 


VAPOR LaMp 


i i ). This lamp is similar 
Tall respe, ya Cadmium Alloy, Cenco, B-W type (Patents Applied For S 


ury, Wwe use an amalgam 


the pea See Sh 
Which +, MISUCliry, spectru, with some of the lines suppressed, 
ae ine uB§43¢ lin 
“0Sor] 


~Dects + T -~ - me ri re 
| of mer on ms to No. 87280, with one exception. Instead ot et i light emitted by the lamp 
aa Yields men aamium. This has proyed entitely so ‘and the cadmium spectrum, 1D 
rism | 


S reury lines can 

€ is very strong. With a suitable red filter, ae i a core pare 
“is and the red cadmium line transmitted. The ubitam on sun es Ltn eo 
Y 1s obvious 


No. 87290 (Pat- 
for replacement inN Each 10.00 
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87300 87315 


MONOCHROMATIC LIGHT SOURCES 
87300 SODIUM ARC LAMP, a source of sodium light of high intensity. 


Tpose of which js 
§ pressure. Heaters vap 


Sity. The lam 

-shaped rod, the horizon 

iS mounted on j 

Ssories required for Operation. Tp 

lamp can be adjusted vertically through a large range. A six-foot mee Se connett. 
ing plug and push-through switch is included. The power requirement is 5 . 

i S f a SIty the double 

In the spectrum of the sodium arc there are present Some lines of ee ae = 

5890 and 5896 alone is wanted, a dichromate solution may be used as a ee on 

niently, Nos. 87310F and) Gin'seriesu ss an: Sr oe ee 


Each §,51 


- use with No. iz! 
87310 LIGHT FILTERS, Mercury and Sodium Vapor Lamp Monochromats, eet for use uh 
Mercury Are and No. 87300 Sodium Arc for selective poms portan 
of their spectra. Consist of genuine Wratten color films mee light. Nos. A, B, and C# 
Optical glass Suitable for use in the path of a dispersed pean 7 ae special ters fr 
Suitable for ordinary Purposes with the mercury arc. Nos. is d 72 per cent of 516 
% - D transmits % per cent of the yellow lines ang. (2. ek cent of 
Tansmits no yellow and 50 per cent of 546 mu. Nos. F and G i 
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Treason of its Mg a step or Shel abou ( Ches wid, t ic tt } ot benches 
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WORLD, 


SAXTY No 
’ heavy thunder Shower, The pit Whole side oj the main canal is now one Mines a 
© feet long, 18 feet Wide and 180 feet deep, and prives room mM length by 12 leet in: he HEME by low the Willey level wit| ‘ ” lege 
Or ten Penstocks and Wheels, of Which, Cight are Now in Place, and ward and Dic kward lope, and rg MOvaly|« Clon, thar an "Wp 
About =0 feet to “Pare for uge as a hoisting shalt when further ex cleanings OMparatively heye “Bure tif TAZIL oy Pended ae ity 
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the MOvement Breat concrete ait Mounted iN fram, aan 
TaCe Walls °r Partitions have Strained tO move WIE oy, ni 
been DUCT in below the turbine the velocity of the gate by ay y 
deck between Cach two Wheels, sy 9-one chain tackle With a 
dividing the lower Part of the pit } ‘ Wie oe OL ATE Fe By full Pressure of an “nbalan, d a 
into Stalls, These brace waljc are : ’ i | y Ui i foot head wn One side one es 
about T3 feet thick and 25 feet I i a] | ran raise the Bates by Pe: 
high, ang oS SON ri eye arches : Leakage jg Minimized by rubh. 
Crowning the lower Part Of the Packing Trips. The Bre; By 
Pit, Which for a height of 21 feet foot Penstocks ar als Xae 
Serves as a fail race discharging SOples of their Prototys 5, ba 
into the great tunnel] leading {6 cept in thickness of Metal, one 
the Portal in the Sorge below the "IXteenth of an inch having beer 
falls. Tho Concrete brace Walls, a ae Gf) added throughout f0 “give 
clear idea of Which can be op. : ON " 4 longer life jn SPite of TUsting 
tained from the drawing, Tig. 32 i } B A: THE 
On page 2I, are completely en- 
Cased jn brick laid in Portland ce- 


ment, as js all 
Subtery. 


TU) KINEs, 
The de Ign of the are 

far as their 

Parts are 


Unchanged, 


Concrete jp 
anean work. 
Embedded Within Cach of these 
brace walls ang also Scattered 
8enerally throughout the pit are 


heayy, horizontal] Str 


this 


concerned, 
but the 
been radically ‘ 
improved 


These and other improvements 
Of the Mechanjea| features de 
Scribed below are the Work of Dp 
Coleman Sellers, who has devoted 
during the Jast few ye 


Cast-iron 
with a Pheenix-¢ 
tion, Which wil] be clear On refer 
ence to the same drawing, 
heayy Struts have each a 
Section of metal 
Square inches. They 

in between {wo cast 
bricked into the Walls, and with 
an extended bearing On the syr- 
faces of the rock, which are faced 
up to a true vertical ar 

Points, A 8auge for 

the distance 


Klve an 
SUpport 


uts 


Method of 
olunin CrOss sec- 


These Ts the hes 
cross Cnergy and Skill de. 
of about 180 ty years’ 
to the Perfection 
tion. 


of hj time, 
are slipped 


"ved from fij €xperience 
Ol this installq. 
base plates The Sreat she 


!] Of the lower 
elbow of the 


Penstock, Which dj. 


verts the Water 


Into the turbine 
improved form 
these 18S Or lugs which 
heavy Cast-iron blocks 
ling throy 
into the 


Casing, is in the 
Cast with two Wi 
rest upon 


Cxtenc 


Measuring: 
between the pit Walls 
with Micrometer accuracy has 
given no Indication of Perceptible 
MOvement Since August, 1897, so 
that in all Probability no further 
bracing, Which could be added if 
found Necessary, wil] be put in. 
he extended Pit js floored 
with timber at four levels, corre- 
SPonding with those of 
inal pit, and known 
as the turbine, tne first and Sec- 
ond Suide-bearing and the thrust- 
earing decks, The a 
lowest deck, just above the Wheels Fic 3-—Tukr EXrenstoy OF THE Wureipyrp 
and 130 feet Delow the Surface, js 
completely floored Over 
Zalleries Connectin 
are supported on 
Cast-iron Steps let 


igh the brick walls 
rock and jp turn resting 
on Lranite blocks. 
through the brick Walls and ce. 
Mented into the solid rock. The 
turbine cases are similarly cast 
and Supported. 


also Passing 


thus doing away 
altogether With the built-up steel 
girders, 6 feet deep, used under 
the older Wheels, A clear idea of 
this onstruction may be obtained 
by an examination of the section- 


the Orig- 
Fespectively 


al drawing, Fig, 24 on page 20, 

furbine, or As in the old turbines, there are 

, two cast Manganese bronze rn 

bucket rings, over 6 feet 

the inlet, with outward radial 

de chutes or distributors immediately with- 

in the runners, and ring valves Or gates closely surrounding ey 

The details of these gates differ somewhat from the original type. 

L'C PASSAGEs, They now rise in Opening instead of fallin 
€ racks through which the 


Doering Construc TION. 


» the two guide- 


bearing decks bein 
& the platforms 


about the bearings, 
15-inch 42-pound I-beams 
into the Solid rock. 

THE HYDRau 


ners or 
» One above and one below 
flow, With Cast-iron guj 


& simply in diameter 
The decks 
resting jn turn on 


8, So that should any part 
Water of the Supporting mechanism give Way they wil] shut the water ba 
entered from the canal has been entirely Teplaced, the individual 1 falling instead of turning it On. This also deflects the discharg 
racks #eross the mouth of each 14-foot intake or forebay giving downward into the tail race instez 
the water Passing through them such a hi i 


gh velocity that it was 


ad of upward against the flooring 
ave been remoy 


asl epens 
d Wheels, and at low loads open 

enki n 
addles or buckets, releasing any 


eep them clean. These h 


ed, and the 


Bic. 4.— A VIEW OF THE Macuine Room WITH 
Hanging upon the other end of the walking beam above is 
Cerweight to balance the heavy gates, its location at this elevation 
being to maintain the connection through the whole height of the 
Wheelpit always in tension, 


a coun- 


So that no provision for maintaining its 
alignment is necessary. The governor Operates the gates through 
a rack in turn attached to what is here called the walking beam. 
As in the old machines, the weight of the rotating runners, shaft 
and dynamo field is balanced by the res 


idual, upward thrust of the 
water against a balance 


Piston consisting of the carrier of the upper 
bucket ring which receives the full Pressure (see Fig. 25), the down- 
ward pressure on the lower runner being relieved by the web of the 
distributors (see Fig. 26). The unbalanced vertical thrust. whether 
‘upward or downward. is taken up at a thrust bearing located on the 


OLp GOVERNOR AND OLD 


5 


ind more 


The ne W run 
Ontal dividing eo: 


Partition 
een the thirt 


two paddles or 


the purpose o 


‘tiffening the 
rd and twa thirds pate 
» that 


ed 


I than the 6 r 


; : Pa LA 4 
> SZ NS 
YS 3 pe zm GOSS 
c ‘a i Nie A 
nape 


ELEVATOR 1 ForrEGRouND. 
resembling those used with screw Propellers 


and running in babbitted 
boxes. On account of the 


great weight of the rotating parts and the 
Variation of the hydraulic thrust with the 
tion, Whereby the Weight cannot be 
terbalanced, thes¢ 


load, due to Penstock fric- 
at all times accurately coun- 
> thrust bearings must be carefully oiled, and the 
thrust-bearing deck, therefore, is made the distributing centre of 
the oiling System. Down one 


side of the deck, under the arch which 
Supports the floor above, 


run two sets of oil supply and discharge 
The pipes of a similar circulating System for the 
Supply of water to cooling passages around the journals and through 
the armature spider, as described below, run down the other side of 
the deck. Up under the eaves at each end of the room is 


from which the oil is fed by gravity to all Points where it js 


headers or mains, 


a tank 
needed 


6 
THE 
irom 
Journals to 
> Olling 


the lower turbine bearings 


There z 
Used ince 


Systems, Which may bye 


the flo 
Storage tanks capabl 2OI A the fast side of the building ire two 
Tailroad Spur ry © Ff holding thy —— tents of an oil tani ur 
s ‘ i s Car, a 
ning jn mediately ©Ver them, |] 1 tl 
‘rom lse stor 


“MNers of an oi] recuper 


are located of four 


Wheelpit at 


1 ( . 
branching ine 
T30 feet down 
Wide and abour 14 


trom . 
the the turbine deck 


35 feet long, 16 feel 


Che one now 


These chambers are each 
> feet hic 1 
= -“"C Dish to the £TOWn of the arch 
y pur Ser 
S ine aera 1g Purposes contains the oll receiving tanks and 

Ct-acting Worthington pump 
4 Steam Pump, 
Valves to 
from th 

€ \ water-drj 
é ater-driven direct-ac 

Ese ie ct-; £ , 
Stands in the Same chamber ea 


. u closely resembling in ap 
Ut Atted with More ample Passages in the 


allow for the last 
© inelastic fluid Which drives It, namely, wate; 


canal. 

«ur compressor 
air for Pperating the vari 
The oil Pump lifts 


above under the 


and give 
ous Pneumatic ont 
afainst a head 


Station. 
tanks Way 
oil-recuperating Separators each 
oil to and 


devices throughout the 
Ot over 165 feet to the 
: oil Passing through the 
it makes the Circuit, T 
the lower 


Caves, the 

time 
A > Method of circulating the 

JOurnal of the turbj ; 

; ; A Ine : r 

Ot the water from the Tee ne 


from 
Is ingenious, 


ina sesh. ses runners Tendering the use of Outside oil Pipes 

Seats me a mae Sy lubrication being feared Owing to the danger 
grit. 1€ Oil reaches e [ : nae 

ul! Teaches the 'rom that aboye it through a 


sleeve jn Vhich runs 34 -j 
Which runs the 834-inch hollow 


journal] 
oil-tempered shaft which 


Fic. 5 —Tr ARMATURE SPIDER OVERTURNED, 
and is discharge 
in one of the three 
across the wheel case. 


connects the two runners, 
it is lifted by suction through a hole 
Stay bolts which run up diagonally 
Fig. 26.) 

The new intermediate bearings (see Fig. 
ings made in two complete semicircles and lined with 
metal with diagonal oil-circulating grooves, 
part bearings, in which the parts of the 
complete ring around the shaft, were 
the churning of the viscous oil. In the new thrust bearings 
Fig. 27) the number of rings has been reduced from 
and the four parts of the bronze liner 
ted with removable Segments lined with white metal, 
friction is so slight that the small leakage 


arance of one-sixteenth inch kee 


cle 
atically operated st rap brake 


one-sixth speed, and a pneum 
the tubular shaft just below the guide-bearing 


stop it. 
THE GOVERNORS. 


Coming up above the level of the dyn 
chines which have undergone the gre 
ors. It will be remembered by those who h 


of this equipment that the origin 
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SHOWING CooLinG Pipxs. 
d into a pan from which 
tie rods or 


(See 


28) have bronze bush- 
babbitt 
The original four- 
bushing did not form 
found to heat badly, Owing to 
(see 

ten to seven 
have been retained, but fit- 
The total 
through the ring-valye 
ps the machine turning at about 
gripping 
deck is necessary to 


amo-room floor, the ma- 


atest changes are the govern- 
ave followed the details 


al Faesch & Piccard governors are 


it, « 
purely Mechanieal jp their iction rhe g, by 
vertical rach Which in turn | iitehe fer a ratty “Dey 
far down below driven | ie wat ae 
1 riven by the ntermediar, or Ting he 
OF anothet differential bey. i train mam bey ~ js 
{0 close the wate Lhe by Pinion Of ea, 
trains are kept in motion by befy rom th, 
and the third me miber of eac hi hitted vith a 
lither one of these brat MAY be sey b a 
by a secto; haped ratchet mo ed in eith, 
by one of two oscillating pawls, the enga cities 
the ratchet being finally effected by the aa 
fly balls SO long as neither brake i 
Mains Motion. Ss, but when either bral 
Member of that differs ntial bevel train j 
With it the mechanism Operating the gat, 
Dr. Col Man Sellers hac made man imy 
complicated and indirect 4-rangement 
Pearing jn the £overnor of machine No 
On all the Machines Including th¢ orig 
the belt driven diffe rential bevel] trains and 
abandoned The displacement of the rey, | 
POSItiOn moves One or the other of two set 
trical contact with a cylinder constantly rotating - 
Figs. 7 and 8), and these contacrs are respective] “1 
collector rings and Sliding brushes vith the t 
clutches, Tespectively gear driven in 9 DOsite deeteee magnet 
Pi directions Tr 
; : The ¢ 
ee + ae 
Ee > 
| : 
| 
3 qe By | i 5 
x a : ia i 
CUNT 
CUT 
‘ 
oss _ “7, N. Mee 
OC. WVeELAs 
Se ee 
Pic. 6.—Tue Arma 1URE SPIDER WIth Lamina PARTLY Asseprep, 
citation of either of these clutches drives the main tram in one 
direction or the other. 
This governor has also several other ingenious modifications. 
One is the attachment of the cylinder of the fly-ball dash-pot to the 
Sate-operating mechanism, so that whenever the latter Starts the 
cylinder moves with it in such a direction as to tend to force the 
piston ara fly-balls back to the normal position. This gives, so to 
a speak, a restoring force Whenever the gate is under way, and tends 
co eee over-running, and yet does not diminish the sensitive- 
ness of the governor, The contacts are as usual differentially actu- 
ated by the displacement of the eights and the position of the Ps 
So that there is a 2 per cent. fall of speed between no load and fu 
load, without which, of course, the distribution of the load ae 
; ‘ : ; s efahle th 
alternating-current machines in parallel would not be stable, 
. . ” e « » ree ac eS. 
this drop there is no “seesawing” of the load between Oe : 
Agi seasa gi ee ; settin 
Still another modification is the use of a device for instantly ; ite 
. 2 S S 
the mechanism in action to close the Bate On therepeninege tion PI 
field circuit of the dynamo, this being intended for use Bt ane low i: 
shut-down system, which is described below. tt 
u 


with an emergence 
; : 3 eee eoawecles 
The device consist simply of a heavy weight supported by 


i i A rindi dyna- 
noid connected in series with the field-magnet winding of the ek 
mo. When released this weight sets a mechanical clutch so ee 
as to drive the gate toward the closed position, and at the same 


y 
Ss 


Ui 
i 


ta 7 lent 7 : old governors is 


brake pul 
eats unt - . ; . - rrangement 
overnors 
ictuations in 


r re governors in service 


om 


Fic. 8.—ONE OF THE NEW ELEcTRO-MECHANICAL GOVERNORS. 


plied to the turbine is equal to that of the load. The new governors — the lower end of the long vertical shaft and by the boring out of 
on change of load move the gates slightly, hesitate and then move _ the turbine and dynamo shafts haying been added to the yoke ring, 
them again in the same direction, this difference in action being where it will do double service kinetically and magnetically. 

undoubtedly due to the restoring force applied to the weights by The winding of the inwardly projecting poles has been quite 


b ‘ ee = 
. SEES ELECTRICAL, VWVORDL TD: Vor XXXIp re: 
No. ; 
Changed to give a readier dissipation of the ten kilowatts of energy power absorbed when the fields wer <*Cited. ‘Ts 
there turned into heat. The conductor is a ; Opper strap one inch can be readily calculated and the iron loss under load *PDer logs 
“4 = het a 4 . ’ tac bs Can 
by one-eighth FOSS section, wound edgewise, the corners mated from that obtained by the test describe by assuniiz t esti_ 
around the rectangular poles being turned while hot All fibrous creased maximum induction due to load distortion ana 1g an iz & 
Hint: he ] . i es ‘ € . 
nsulation has oned in this part of the machine, the the hysteresis loss in PYrOportion £6 the T6 Power the eCting 
Pwise + ; pe } Te 
edgewise turns be 1 1 each other by mica and shellac Iron loss at full load is thu determined At Only 32-4 kil The 
here are ¢ ; 7 ee Si low 
There ar € on each pole held apart by > tl 
ca-c¢ ] 


- air Space tor 


the turns of each 
to circulate radially 
> irom under the edge 


> old machines, 
cessary, 
ft the lines of force. 
to the 
made 7o per cent. of 


ng 
ting ¢ 


them 


Increase 
Proximately 
t 


ns are 


» IN Order 


to properly 


tightly bound 


ates locked to the spider instead of by 
Passing throu, the laminations themselves 
The greater accuracy of modern punching 
the ne 


essity of finishing the slots by a 
are assembled. On this account and 
of the bolts the eddy-current 
terially reduced. 

While high efficiency, as a 


laminze 
removal 


] : 
losses 


iron 


Saving of power, is not of 


very great 
importance in machines with Power so cheap as it is at the shafts 
of this installation, it is of great importance in consequence of the 


coincident reduction of the heating losses. 
machines, the old battle of the cubes 
Serious one, since. 


With 


and the squares becomes 


such 


roughly speaking, the generating capacity 


4/ec, H¥Yorlea 54 


Fic. 9.—Onr oF tHe New MACHINES UNDER Construction In 


East Pirrsgurc. 


ereases in proportion with the cube of the linear dimensions, while 
the radiating surface increases only in proportion with the square. 
The iron losses of the new machinery have been estimated by 


driving them under test by motors 


and noting the increase in the 


ventilation 


per circulation in these 


boxed in a skeleton 

ns of all the layers of all 

, there being thus but one 
Proximately from 50 to 
ance being 1%4 ohms. The 


steel castings, 
as the oy er-hanging 
They 
effective 
the 
apered back from the gap 


shape the electromotive-{ Tce 


tself has been modified In various ways, the most 
Ne use of twelve one-half-inch ventilating rings 
* one-inch, formerly used The laminz of No. 29 


together by the modern method 
sixteen great bolts 
, as in the old dynamos 
machines has obviated 
drifting process after the 
also because of the 


have been ma 


mammoth 
a 
in- 


Fic. 10.—Onk or THE FIELD Exciting Cons. 


armature copper loss being 28.7 kilowatts and the field copper loss 


7-4 kilowatts, giving an electrical effi at tull load, 3750-kw 


output, of 


ciency 
Over OS per cent. 


In the old machines it was expected that there would be a plenum 
nd ¢ 


between the open-topped the field cover or 


armature 


driver, which would force air . 


lan 


Teverse, if anything. bei; 


ugh the ventilating 
IS expectation was not 


rings betweeen the armature 


realized, the 


S the case. The machines 
were then fitted with drag hoods o exhaust scoops on the six 
14-inch openings of the conical cover spider driving the field 


ting. These exhaust some 9000 cul Ol air per minute, which 


fairly cool, except for ot € or two places, notably 
se being further cooled 


keeps the machine 
at the upper end of the 
at times of 


armature core, th 
continued heayy loads by flat copper tanks, through 
is circulated. With this provision the maximum rise 
in the old machines at rated load is about 54 degrees centigrade 
above 


which water 


the atmospheric temperature. 
The new machines, as noted 
ventilating Passages in both armatures and fields, and are also 
fitted with vertical water-cooling passages cored in the cast-irog 
spider, into which the armature (See Fig. 
5.) however, and without hoods similar 
to those mounted on the old machines, it is found that the new 
ones on continuous run at full open gate reach a limiting tempera 
ture only 47 degrees centigrade above that of the atmosphere. 
This is about a 10 Per cent. overload, the rated load of the machine 
being attained at about nine-tenths gate. Temperature mea 
ments are obtained by so-called exploring coils, consisting of 
36 copper wire wound on a card in such a way that it eae 
slipped into narrow Passages such as the ventilating ducts. 
machine takes about five hours to come to a fixed temperature. 
The armature conductors are copper bars two inches by ie 
inch over all, with rounded corners, mica-insulated and age: 
one in each slot, instead of two, as in the first design. The slo 


s 
Peer ; ice as numerous, 
of which there are 322, are almost, but not quite, twice as nv 


above, have a lower iron loss, more 


laminz are dovetailed. 
Without using these, 
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10 


as been reduced about 15 per cent., 


as the number of armature turns h 
proportion, 


the magnetic density being increased in the 
These slots, shown in Big. 31, page 21, are 13-32 ofan inch wide 
and 2 3-16 inches deep, with rounded corners and overhanging 
teeth, the opening being 3-16 of an inch in width. The windings 
of the two phases are electrically independent, distributed thor 
one apart centre to centre 

r pole per phase, and con 
spiral end- 
per 


same 


oughly—the bars being only inch 
in between thirteen and fourteen slots pe 
nected up in a wave or series system by the ordinary 
connecting straps. There is but path for the 
phase, that is, all the conductors of each phase are in series with 
the rated current density, therefore, being about 10900 
An improvement in the finish over the 
joints 


one current 


each other, 
amperes per square inch. 
old machines is the covering of the riveted and soldered 
between the vertical bars and the lower end-connecting straps by 
small hard-rubber boxes. The upper end-connections are of course 
covered in by the Tevolving field driver and are taped, as are all 
those of the old machines. The new armatures were wound at the 
factory of the Westinghouse Electric Manufacturing Company in 
East Pittsburg before they were shipped, the old ones having been 
wound in place. 

The modern tendency toward close regulation has not been fol- 
lowed in these new machines, which have as high a ratio of arma- 
ture to field ampere turns as have the first three. The air gap has 
been shortened from one inch to three-quarters, reducing the 


>=. 
| 


field ampere turns by about the same Proportion as the armature 
ampere turns, They Teguire a 50 per cent. increase of the no-load 
exciting current to maintain the same potential difference between 
terminals with a non-inductive rated load, and the machine on 
dead short circuit with full-load excitation only gives about twice 
full-load current. This is undoubtedly a wise Provision in this 
Particular instance. With a battery of such mammoth machines 
running jn parallel with the great momentum of their rotating 
parts, if they were fitted with Powerful fields and were consequently 
able to give Six, eight or more times their rated energy current 
on short circuit, the conditions in case of such an accident would 
resemble at the weakest Point of the circuit all too closely the 
detonation of a charge of dynamite. It js almost needless to state 
that it is impossible to fuse or otherwise break electrically such 
large powers. It also takes some little while for the field to die 
down after its circuit is opened. The high armature reaction gives 
termed an automatic limit which can be depended 
to cut the energy output off at a predetermined point. 
1 suc’ igh armature reaction the effect of loads and partic- 
I f course comparatively serious, but with 
size even load changes of 1000 electrical 
ximum that may be expected in 
ent: e rated capacity 
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the switchboard attendant without ANY serious ol 
The actual regulation obtained is shown by a 
voltmeter curve reproduced in Fig. 20, The Nigh arma "Org, “i 
furns also allow the machines to cross MARNE ze age Ng 
but small wattless currents and With a correspondingly. o 
ing of the power factor and Increase of heating in eg . ) 
excitations differ somewhat. Iie theip 
For testing these machines there hag been ere 
Part of the station a 2,000-volt Switchboard with §Wite © Ney 
with carbon breaks each connected resistanes oft 
Wire wound on a long, flat, wooden frame Much after the rare iron 
carded cotton. These frames, or ladders, as they ; h 
immersed in one of the forebays about I8X12%8 feet high Bi ie! 
» Ane 


Cled in 


lo a 


to absorb without too violent ebullition in this body of wi Sery, 

load of a 5,000 horse-power generator, With this the machine the 

tested for reaction, temperature rise, speed regulation, a 
THE SWIICHBOARDS, , : 

The general scheme of grouping the Machines jy banks of 

cach group indicated and controlled on a Separate Switch} ive, ’ 

has not only been followed in the additions, but even the deem 

what is most ™ of 


aptly termed by the Ienglish phrase “Switch 
have been Preserved. This is the most Convincing Proof of th 
study given the original design, as those who have recently Woiled 
with large units and high voltages and experienced the trouble in 
cident to handling them can best appreciate, 3 


NC, t2—/\ VIEW OF THE SWITCHBOARD GALLERY, No. 2. 


leries show a notable lack of the complicated mess that is to be 
found on most boards and resemble more the captain’s bridge of a 
great steamer with a few engine-room signals and indicators than 
the controlling and indicating system of a 40,000-hp plant. 
This is, of course, in part Owing to the concealment of the buses 
and a large part of the switching apparatus in chambers immedi- 
ately under the galleries, but nevertheless the system is a remark- 
ably simple one considering the flexibility obtained and the loads 
handled. 

Each machine is fitted with an instrument panel and in front 
of it a lever stand, standing separate from the others and practically 
identical with those of the original installation. The instrument 
panel contains simply two indicating ammeters, voltmeters and 
wattmeters, one for each phase, all supplied with derived currents 
and all of the Niagara type. This type, which was specially de- 
signed for this installation and is not very generally used, is Bo 
culiar in that the pointer is Stationary and the scale movable, in- 
stead of the reverse. The scale divisions are marked on a short 
cylinder, which is revolved about its vertical axis by the ce ene 
and restoring forces, giving an open scale even with a small kes 
ment, since the scale may make a complete rotation, only a es 
part of it requiring to be visible at any time. The indication aa 
ways straight to the front. Above these six instruments ‘ ae 

_ Synchronizer, or, as it is intended to be known, synchro 
. 
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his is si yay 
This is simply a voltmeter connected to the SC | 
z ; Secondar f 
ment transformer and notable for the absen ee 
ging arrangements for obtaining es 


Ah an Mnstry MAM contacts 
Claborate pl 

© , eae : "8 
any desired Synchronizer 


me through a re istarice of §,200 oliwns per pole—con 
& Of eight split tubular receptacles and plugs of non-arc ing, 


nections. Each sync : : ; 
: - s ichroscope i 22 ; con afte Ty 

Peek 3 : N series with j metal, These are ; 

: i sc KPO i Oo connecte all ef , 

is simply connected aCrOss two luses ¢ rs secondary winding — each pole, giving t ‘ paces up that all eight are in series on 
1ent hay; pi ear nae : OMMoOn to all, ecac : a s Sixteen breaks in serie i ms ase . ak 
ment having a key like that of a 1: a each instry {mum ove ovens n each phase, the max 

Viump socket, By simply pening being about one inch per break and in a hor tal 

P 3 5 . ‘ a Orizonta 


turning “c 4 
& direction. The switches are not latched mM any way, stealing mo 


fion Gi 4 r leakag € J € eC ¢ e roe € 
; sees air | akage being prevented by the simple process o 

eepir ; 4 V a 
i : Ig the arg on, each valve having only two position one ad- 
Nittinig re f the oO c other ehine , J ere 
& in tront of h iwiteh piston and the th b und | There 


are no feeder booster , phase regulator or other boosting or regu 
lating devic *§ connected with the ystem, any line requiring a 
voltage different from that of the rs t of the load being isolate t ¥* 
exclusive machines. The ystem is now commonly run with bre 
batteries, onc supplying local load and the other, at a fiictrer 


yressure : : ff f 
I ure, the long-distance line to buffalo, Tonawanda and Lock 


port. 

\ modification not contemplated in the original plan but whict 

‘ al plat ut which 

has been added to all eight machine , 18 the provision of emer 
I v1 rn i emer- 

gency shut-down stands, one on each of the two switehhoard 
B y HwNHOarG 
These shut the machines down not by opening the main « reuit 


1 


but by opening the fields by means of the field circuit breat, 
5 nh } I yreaker 


} 
ae which can not only be unlatched by the air cylinders and 
{ Lay" : mentioned above, but also by a regular trigwer and n ; © trir 
with a shunt coil operated from these shut-down tands. The ater 
consist essentially of two rows each of five plug switches, each 1 2 
chine being represented by a switch in each row Beside the ‘ 
. a double-pole double throw knife switch which, closed ir r 
go position, throws current on to the circuit-breaker tr p cot 
iB) machines plugged in the corre ponding way Gudecasce 1 cor 
» ditions all the machines connected to one set of bus. Hh be 
pes plugged in one row, and those connected with the other bu 
2 the other row. In case there is serious trouble w th the r 
, branching from either set of buses, all that will be r r 
, shut off the power from them w ll be a emt o 
in the proper direction. This will oper the circuit br r 
of the machines feeding that set of buses and simultar 


Flee YWerld. WY, | the governors in action and clos: the gates of the correspond 
= turbines, thus rendering dead that svster ine The handlir 


of these great machines with thes 


Fic. 13.—ONE oF THE MAIN SWITCHES. 


IS most perfect. 


on the synchroscope of the machine to be synchronized and that of The procedure of starting a n 


any other with which it is desired to synchronize it, the two instru running when the load rises abo 


ments are put in series with each other in such a way as to act follows: The gate-lifting mechanism is g 
exactly like phasing lamps, only with more accurately determinable hand, the machine rapidly picking up its speed u 
indications, showing the attendant the Proper time for throwing mounted on the governor shows the proper i; 2: 
the machines together. Below the six Niagara-type instruments held 

on each panel is one round-type Weston direct-current ammeter 
field circuit. 


r. p. m. The switchboard attend 
breaker and the field switch ot 


indicating the strength of the exciting current in the 
The lever stand is surmounted by the ordinary hand wheel con- 


trolling the field rheostat and bears also four handles operating air 
pneumatically operated 


valves directing compressed air to four 
switching devices. One is a circuit breaker in the field circuit, a 
view of which appears in Fig. 14, its chief peculiarity being that it 
connects across the terminals supplying the field just before open- 
a non-inductive resistance of one ohm. The re- 


ing the circuit 
sistance of the field winding itself being an ohm and a half, and 
that in series with it perhaps three ohms, the inductive rise of pres- 
sure cannot much exceed that generated by the exciters, or 220 
volts. Another of the valves controls a throw-over switch in the 
field circuit, whereby it may be fed from one or the other of the 
two pairs of exciting buses. The other two valves control re- 
spectively two four-pole single-throw switches (shown in Fig. 13) 
in the main dynamo circuits, two poles for each phase, the two 
switches connecting respectively with two sets of four-pole bus 
bars. There are no fuses or circuit breakers in these main circuits, 
and these switches are intended to break the maximum load which 
the machines will give on emergency, and will do so, although, ol 
course, they are normally opened only after their respective mg 
chines have had their load removed by almost closing the gate 
and their wattless or magnetizing currents removed by easing an 
the field excitation to give a voltage at no load equal to that of the BiG WOLENCITER CRCUIN BREACHES anenSurincnzS 


A ; ened with 
other machines loaded, when the switches may be ceeuee ats 
ler O : . : 
nov effect sett up the voltage by cutting out the field rheostat until he gets the 


ically lowi and with 
practically no current flowing cai : 
of the ; 2 ma ee fe re As ate ‘a Behe have proper indication on the two Niagara-type voltmeters. The gk 
i i cing Nain sw s he . 
% - ary : aa a eke = ai l nee knife and lami- of the synchroscope of the new machine ar of sete a 
| ee ea ee fate ee around the to a machine already in service are then c osed, the needles of the 
i i ndary brea 
nated-spring clip style and seco 


Elec Vrorid, N 2: 


a 


te THE ELECTRICAL WORLD 


two Synchroscopes beating together at a Tate proportional to the 
difference in speed between the battery in Service and the fresh ma- 
chine, A few hand and arm signals direct the 80vernor attendant 
to admit MOre or less water to the turbine, and soon the needles 
slow down, and finally 4PProach very slowly the zero scale position. 
A twist of the main switch valve, and the dynamo is in. 

The transfer to the new Machine of its Proportion of the Titanic 
load, which it shoulders Without audible sign or apparent effort, is 
an awe-inspiring sight. There is NO visible evidence of the shifting 
Of the thousands of horse-power other than the Steady procession 
of hundred-kilowatt and hundred-ampere scale division past the 
Instrument POinters and the Steady rise of the gatelifting rack of 
the new machine foot by foot, accompanied by the simultaneous 
fall of the others In the battery. The Magnetic reaction of the load 
IS easily taken up by Steadily increasing the field-exciting current 
until the direct-current ammeter shows the same indication as that 
of the Others. Owing to the strong armature reaction the ma- 

chines hold each other in synchronism Without heavy cross-mag- 
netizing Currents and balance each other's Voltages automatically 
Without close adjustment of the field excitation, 
THE EXCITERs, 
In the Original] installation current for 
derived from any one or more of three sources. 


exciting Purposes was 
First, an engine- 


Vor, XXxq1 


Like those of the big alternatorg they excite tt Um 
*: le up 


rae right up ere the armature, which ig Mouse Jou, 

lollow cone to permit this, Thus, any "Mbalanced UWNteg On Nal is 

lack of static balance in the rotating Dart ig oe m Knetig | long 

Serious bending moment in the shaf £8 WOuld) oy "D Withoul 

below the armature, The ©OMMuUtator is of course the jg 
t 


ing easy its inspection and care, mn 9p, ea 
The four machines are fitted with two ~ 
ment stands, one On each SWitchboar, 7 F 
meter each, and Pneumatic throw-over iia Olam a mit, 
fo cut them jn circuit with cither one me 2 “reuit brea 
Each of these machines is direct couple “Cts 
S. Morgan Smith Company, with a Single 
ner mounted some fifteen feet above the Main 
them clear of the turbine deck. The speeq of the 
8everned by hand through a Pair of buttons, a mage ers w be 
ated valve and an hydraulic ram i oneticall 


attached to tl Gate Y-Ope, 
them has its Own penstock branching from a common in i of 


XCiter Panels 


¢ 
Te; 


head gate above. The running of the exciter Circuits at © ang 
Rives a large Margin above the needed fielq eXCitation 2 Volts 
sistance of each main field being Only one and one- : © Te. 


half oh 
hest €XCitin 
ade of a | 


the eighty amperes, which js about the hig 
the drop in the field rheostats, Which are m 


Fic. 15, A Bank or 935-KW TRANSFoRMERs, Four or Wuicy Carry THE Loap or ONE 5000-HP GENERATOR. 


‘driven dynamo in the neighboring steam-driven plant of the Ni- 
agara Falls Waterworks, and normally from either one or both 
of two 200-kw rotary converters, deriving their POwer from the 
alternators which they excite, the Pressure of the exciting circuits 
being 220 volts. In Order to avoid dependence on an Outside source 
of current, should the whole installation shut down for any emer- 
sency, and to give an exciting pressure less dependent on the ma- 
chine voltage and Speed, turbine-driven exciters have been installed 
with the new apparatus. Grouped in the corners of a square about the 
new hydraulic Passenger elevator leading down into the wheelpit, 
and between machines five and six, there are four of these Westing- 
house four-pole exciters (see Fig, 18) resembling others of the 
Same make in most Particulars except that their shafts stand up- 


wight, the armature being overhung on the upper end of the shaft. 


of Westinghouse railway-controller resistances, is about 100 oa 
amounting to about eight kilowatts per machine, This Te 
sistance reduces the time constant of the field circuit and t aa 
renders the response ta changes of the resistances more ee “ 
and gives a wide margin to cover the demagnetizing e 
heavily reactive loads. 
THE LINES AND TRANSFORMERS, sai 

The new machines are connected with their boards man an 
fied ducts laid under the cement floor, instead of ae 
subways, as were the old. A similar change hes ua ene 
throughout the property of the company, the lines ani ee 
ures of the various tenants being now drawn into aaa cae 
duits, instead of being run through tunnels, as was sacra also 
tended under the Proposals of Prof. George Forbes. The 
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contemplated the 
direct in the 
chine voltage 
The feeders 


use On all the local lines of 
Machines, 


( 20,000 volts 
ad of Which the 


Compar, 


inste 
adopted js tak 
are tapped off 
switches—whieh re 


: Scnerated 
atively 
tenants’ tray 
bus bars throu 
Machine 


low ma- 


en directly to the 
Irom the 
the main 


ANsformers 
gh Pneumatic 
SWitches With lever 


semble 


Gro © 


NE OF THE 2°00-VoLr Fig. 
PANELS IN THE TRANSFORMER 
Room. 


17 —ONE OF THE 
VoLT Panets In THE 
FORMER Room. 


22,0C0- 
TRANS- 
stands on the galleries. Eight feeder lever 
structed on the new switchboard beside the 
stands for the cross-connecting switches be 
the two boards. The latter are fitted 
wattmeters to show which set 


stands have been con- 
lever and instrument 
tween the four buses on 
with centre-zero indicating 
of buses is taking more than its 
share of the load. The new feeders have not bee 


old, the unreliability of fuses in the 
more of a nuisance than an aid. 
subway or wire tunnel to the 


n fused as were the 
se large powers rendering them 
The feeders run out through the 
transformer house, where those 
carrying power for Buffalo and other distant cities enter the step- 
up transformers, the others being jointed here with the lead-covered 
cables drawn into the ducts of the conduits. 

The transformer house now cont 


ains ten General Electric air- 
insulated and air-cooled 935-kw transformers, the 


largest ever 


D RIVEN EXCITERS. 
Fic. 18.—Tuz New Wueer.- Driven Ex 


i= . : yeing 
, 7 fe C 
. (© uj tc 11,0 ’ a 
epping the voltag ) ) oo, the hig ension cos | 
arranged in two parts In multiple, which may be ore ovel : 
. ’ cor -] ) \ 22,000 V yIts, and will be ma le 
ill Q1 @ 22, C 

series which mnection W 

the ] id on the line warrants the quadrupling of its I J 
when | OF 


13 
by ; ; 
y this means The present ohmie drop to 
Wites in is only about 


the phase relation, 
ot the Windings after the 

Che transformers are 
the latter h Wing 


Vutlalo with all 
Che transformers 
S'ving three phases 


SIN 
§ per cent also change 
tor the line by the HrOUpIN 
manner devised by My Charles F. Seott 

fitted with high and 


low tension panels, 
quick-break switehe 


with barriers and a new and 
breaker, with a time element. This 
Oot a General Electric breaker of the 
railway type with the break and blowout coil 


the I not with the 


Interesting form of ecireurt 
Consists essentially 


ordinary 
secondary Vy 


trip coil being Woune 
Winding, controlled by 


lace of the board, as shown in the illustration (Fig, 16) Phe 
magnet in the main cireuit actuates a 


clockwork, which may 
breaker 


removed, 
main eireuit, but with a fine 


4 contact in a clockwork mounted on the 


detent which releases the 
be set to make the contaet 
at any interval varying 
ten seconds or more 


and trip the 
rom a Traction of a second up to 
The intent is to Install two or 
those furthest from the 
go quicker than the 


Lockport road at 


more of these 
power house beingr set to let 
others On the 


on each line, 


power cireuit feeding the 


Tonawanda, for example, there would he placed 
at the latter point a | 


reaker set to open in two Sections, that in the 


lic. 19.—Tne BANK or InstrumENTS Brsive Mr. Lincoy’s Di 


ESK, 


power station being set for three. Although an OY erload or sb 
circuit starts the clocks of all breakers on that line, the removal of 
the load by the first breaker opening stops the motion of the others 
and automatically restores them to their normal position. Phe 
breakers themselves are shunted through long fine fuses, which will 
momentarily take the current when the circuit opens, prersnnne 
the formation of an are at the breaker contacts and oe oe 
with such violence that the maintenance of an are between we io 
terminals will be prevented. These fuses are ROU Bae 
heads of which may be seen near NS no TS Ot oR 
blow-out through chimneys, which may De see si Raa 
> board in the same illustration. The high-tension Suite 
is ee shown in.Fig. 17 are all of ue tyes Sack oa ee be 
by the General Electric Company for this Sosa eer cae 
rugated hard-rubber sar a Greener gh: nee a a 
yhich engages in a hole in the e S\ 
CON ne ee ae isolated from each other iz ee ee 
ys barriers. They are not intended to be a Bee a x a 
only after the low-tension eo eee poe ee ae 
anc ver getting more than the me d 
herrea’ Fel the capacity current of the line. 


Fig. 21.—A Row OF RorarigEs 
meter and ammeter, an alternating- 
Stat, four fuses in the four 
plunger-type switch and 
which cuts in more or le 


FEEDING THE MaTuigson Aixary Works, 
current ammeter, a field rheo- 
incoming alternating terminals, 
a regulator consisting of 


X > 5K r ere ill be de 
Tonawanda and Lockport. The installations in Buffalo wil ’ 
ascribed in these columns. In 
a wheel pilot ; 


*For a fuller descript 
Ss (urns in the transformer windings, thus vember 2>, 


we sAyyice 
Lockport there is in Servic 


: x - 4 » of No 
ion of this plant see Tue Etecrercar Wort 


1897, page Gy, 


JABUAKY 7, iy 


CHE 

FAAaTY Converter ub station, taking ; 

OOH Ware COpper wires branched bits Ste os 

line, tepping it down to 3539 volt Pec ti % 

transforming it to direct curren, a7 Pacis 8 Be 

converters ’ 10 400-Iew S00 aS r 
A new 


tation is just Li f I 
j "ANE finished in Tonawanda 
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four 500-kw transformer 


of their rated outp 
The railway load will be 
kw rotaries carrying 
Falls line and the Jin 


further transformed by means 
adjacent sections of the Buffalo a 
€ from Tonawanda tow 
THE ENGINEERS IN CHARGE oF THE WORK. 
The present Organization of the engineering force of the Catar 
‘Construction Company, which has charge 
under the general Supervision and direction of Dr. Coleman Sel- 
lers, comprises a resident engineer, Mr. W. 
electrical director, Mr, L. B. Stillwell 
As resident engineer 
of construction other th 
engineer of the Niag. 
all e 


ard Lockport. 


act 
of all construction work, 


A. Brackenridge: an 
, and several assistants. 

Mr. Brackenridge is in charge of all work 
an electrical construction, and as resident 
ara Falls Power Company he is in ch 
ngineering work of that company other than electrical. He is 
ably assisted in his work for the Cataract Construction Company 
by Mr. A. HL Van Cleve, assistant engineer, and Mr. D, P. Jones, 
assistant engineer. 

As electrical director Mr. 


arge of 


L. B. Stillwell is in personal charge of 
all the electrical interests of the associated companies. In super- 


vising the operation of the plant of the Niagara Falls Power Com- 
pany he is assisted by Mr. P. M. Lincoln, electrical superintendent, 
and Mr. Philip P. Barton, assistant electrical superintendent. 
CONCLUSION, 
No better proof of the success of the original installation from a 
mechanical and electrical standpoint can be offered than the absence 
of any important changes in the recent additions. These have pect 
made, as the above description shows, with only detail modifications, 
not for the purpose of rendering the whole installation union Ae 
solely because the original general plan was found to be the es 
one. A consideration of the state of the art at the time the ne 
features of the original plant were settled, namely, 1890 gers 
will show the remarkable foresight of the members oie ec aes 
commision. Multiphase work was absolutely unknown in ae Sue 
try; the only alternating-current apparatus consisted of ue pueee 
phase belted machines, never run in parallel and ee i pane 
motors. There were no records of experience from which 


ut to the one in service. 


of two 375- 
nd Niagara 


15 
‘ er o-phase or three-phase 

¢ Toner i- n , + ; 
¢ ’ > e y n c 19 to 100 cycie 
for ; : 


A Simple Means of Obtaining a High Vacuum. 


tT being more 


ings 
ing 


the high 


t possibly be on a 


andescent lamp 


Wagons. 

s of tl 3 ie : : : a 

S Of the forced-drajt type, three of which are t is stated that lidated Ice C New York, which 
delta-connected across the lines and one is held in reserve. Wnese gees Manhattan and Brooklyn with i ; irous of applying 
transtormers have two secondaries, one designed to ZiVe 370 volts some system of Propulsion to its one thousand ice wagons The 
tor the converters and the other 4400 volts for distribution to other weight of the empty wagons is about 3=009 pounds sail they carry 
loads. The transformers can give one-half their rated load to one loads of ice Yarying irom 6 to 8 tons. The city r utes average from 
and one-half to the other secondary, or, in case either secondary 

is Open, 60 per cent. 


10 to 15 miles a day. and the st 
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pointed out that the motive power selected must necessarily be free 
from heat and smell, since ice absorbs odors and would be melted 
by the heat. The officials of the company solicit correspondence 
on the subject from inventors and manufacturers, 
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Power Plant of the 


The plant Came i; 


Jacob 


elikopf in 1872, and y 4S put into the 
Mr. Arthur Schoellkops, 
president and genera] Manager, 


developed, and at the Start 


Oo 
these 


Was 
each consumer, The Messrs. Schoellkop 
that central Production of POwer and distribution i, oar 

Satisfactory, and in 1&&y had in use 
what might be called a central] stati : 


Stati 


form or other was more 


On, distri uting power by 


J s are each coupled to 
it. The other three wheels are e 
PSS SIC CIE GE as en aa ee by the Pittsburg Reduction Com- 
S ; achines J o 
EE A eR ia ee ae ey ae top of the cliff a plant for the production of 
belts, shafts and rope ee ter was then utilized wit bles ex- pany, which has e about 3,000 electrical horse-power. The con 
| = BON ‘ i bsorbing 4 ’ 
about the edge of the cliff. ie asa Fe ee nee 
i 50 feet; and grea 
we head of only about so 


T ; . wee ade of 
s-foot fall. The ing leads running up the hillside to this plant are all made « 
, with a 75- ducting 
Perienced when it was attempted to work 


: S signs 
“ ng its de 
‘er, advancl 
company has been steadily at work, however, 


The Niagara Falls Hydraulic 
wer ‘S system differs generically 
ba Company, in that it is laid 
2 On t Power in the form in 
: RF one uniform kind and 
T OS teres s ex MIE Owerve is the mam 
- —mESOTKR S been add ed during the last vear 
This “eG : s le and Hlustration 
runs : s oe oe Oe ADE Git in: 2 libri ontal 
. listance © feet, then makes a quarter turn and 
7 J 300 feet, again Making an easy turn to run horizon 
er the 2 T le ] e we ust Its diameter is 11 
alareing 3 ite the wer f nd 


tapering as it passes 


pw rough the power-house 
£ 1 OF Ww uthzed, the other four being 


ies, the one In service be 
ere being beyond it only 
citers when 

This penstock js probably 
he world 


alternating current 


Some 250 tons 


ll being 11 inches in 


t Constr uction present- 
solut 


10n Of which re- 
Of the hydraulic engineer jn 


Ted on two heavy 


A VIEW or THE GREAT Penstock, Lookine Towarp r 


its own weight and 


The vertical length is supported en- 
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Urely from below by 


OM supports of cut stone 
No provision has been 
‘mated that these 


stock js 


the up] 


left for 
would be sli to tf 

4 © the 
always carrying: water 


‘T of a - 
er right-angle bend Will give a” 


Sates, 
of the 
rams under the 
Valves. ‘This 
Stee] saddles, 


adjusting 


HE Nrw Suspen 


the concrete foundations by he 
cone-shaped end with thirty-six 
Open at 100 pounds’ pressure to 


Se 
: inertia 0 
is shown on the opposite page. To further allow for the 


THe Aratt RE OF THE Doup E-Comyry TATOR 
four of which show clearly in the gener; 
Power house on the Opposite page, ; » iy 
Penstock head, and are each fj : "ydraule 
lower horizontal 

Supported by 
them both Vvertic 


Part of the 
frames, bolted tog 
ally and laterally, é 


SION Bribce AND THE FALLs, 


‘ ae 
avy tie rods. It terminates He 
6-inch spring relief valves Ste 
the square inch, a view of whic? 
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the descending water oy 
N redise 


fect in diameter and 12 fees ' 4 
ligeh +, there 
as well a8 one on the toy COnNected ; at = 
“Air 2 OF ¢ ‘ + fe thre ; 
driven air Compressor 4C0 wheel E end of » 
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The one tt hee 4 ah 
irbine ~e Dig 
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type, and was built by R. D. y- 
flow wheels with a z - Odie C Tic 


a con 


tubes running down to 
The nature of the passq 
assag 


is clearly shown in the 


Ay INTERIOR VIEW OF THE POWER House, WitH WHEE! 
h the water passes be- 
nat lower 


veen the 


trol is effected by a register gate, through whic 
fic This gives 
interposed bety 
water at part 


. _ somewl 
. It reaches the guide chutes. 2 So 
Cthiciency i 

heiency on part gate than does a gate 


but economy 0 


Ruide ¢ ; 
chutes and runner buckets, 


BE 
EZ load eo FLECTRIC« 
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anp GaTes OF THE NEW PENsTOCK IN THE FOREGROUND 


being on each side of the circuit. The line passes vertically up be 
side and is supported on the large penstock, as is Shen . a 
general view on page 43. : 

The eight ends of the two-adjacent lengths of one polarity are in 


ne purpo 
The impo 
pounds. 


for sore throat, etc., giving a great demand. 
the manufacture of matches and the dyeing of 
toy pistols, in fireworks, where it gives a pu 


that most violent of explosives, rack-a-rock. 
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It is also used in 
calico, in caps for 
rple flame, and in 
The raw material 


that the electric transmission gives an elasticity and Co 
smoothness of working sufficiently superior to mechan 
tion between the paper machines and the driving eae 
electric transmission advisable, even for the shortest dis 
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On the Canadian 
power plant in Oper 
ara Falls Park and River Railway 
with two generators 
Company. 

The power house, 


there js 


One hydraulic 
S of the Niag- 
and €quippe 


: | also 
Canadian Niag 


ara Power 
a view of Which 
article, is a Picturesque Structure, 
vation, just below the bluff. at th 
station of the Michigan Central Railroad, 
from the furthest up-stream 
Toward the river a short head-r 
penstocks, of which there 
water is utilized under a feet only, 
into a tail-race 8 feet wide and Io feet high, 
with a 15-foot fall to the face of the cliff. 
water its orifice may be seen 
sheet pouring over. . 
There are in service two “New American” turbines, on Vertical 
shafts, concentric with the Penstocks, the shafts running up through 
the centres of the penstocks to the surface. 


appears at the head of 
Situated in the Queen’s 
e head of Which js the F 


this 
Reser 
alls View 
and immediately 
Portion of the Horseshoe 
aCe Lives stil] Water for 


are two, each 7 feet in diameter. 
head of 60 


inshore 

Falls, 
the Vertica] 
The 
and discharges 
tunneled Out 700 feet 
where at times of low 


just under the Canadian edge of the 


These wheels are of 


TuE IN 
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d the w 
5 e, an Globe 
P -ial discharge, ash 
lial-flow type, with ee by the Pen run 
the inward radial-flo ag ae ee 
ee 1 guide chutes as 2 45 inches 1 & ‘ed to the 
known graduated g Pee ranota tard: Key 
Iron Works Company. 


wer. 
rse po 

at sooo ho 

at 200 r Pp. m. and are rated at ! 
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Lop of th. turbine shafts Above the POWer-house flo; are bevel 
Bears about 4 feet in diameter, (ransmitting: th, Power to a hori 
7ONtal line shaft The teeth of one Of each pair of bevel Bears ire 
of Wood, and of the other of Sse iton, “Die fine shaft j divided 
between the two Bears by a Coupling which normally ig "neoupled, 
Siving one Wheel the railway load, which jg belted entirely frory 
One-half of the line shaft, and the 


other whee] the 


alte Mating load 
he POwer house pre 


Che Interior of 4 


ents a rather ole Appearance: 
the equipment being Strange mixture of the new and the old The 
Universal] Use Of the Overhead traveling crane ; Proven by the 
tmmediate attention Which its absence in this plant creates 
The railway equipment is of ' very primitive type, about such 4 
Might have been found in Service in the ay rage town of the United 
States about six years ago. ft Consists of three Fpole 200-kw, 


rectangular iron frame 


machines, belt-driven, 
dian General 


installed by the ( ana 
Company, and all 


Electric 


kept con tantly in mo ion 


NO matter What the line load may be, as there are no clutches or 
loose Pulleys for throwing any one of them Out Of service, 

The Switchboard is equipped with three Senrator panels at i+ 
right-hand end, with the old fashioned lightning arresters, curren: 


indicators and switches 


» Which the accompanying illustration clearly 
shows. 


The right-hand end of the board 
NS equipment. Consisting 
Consist of solenoid 
4 resistance of 


contains a rather inter 
of nine So-called electric controllers. The; 
al Switches, each of which throws across the fing 


about 50 amperes. Th 
sert more or fewer of these dead 
inverse Proportion to the load upon the line, 
the total load on the machines constant, 
trolled by a small solenoidal] relay, 


nected across the mains, 


resistances in making 
Each solenoid is con- 
with a fine Wire 
which closes its Circuit through the main 
solenoid whenever the voltage exceeds a certain limit. These relays 
are so adjusted that they Operate at slightly different voltages, 

Order that they shall all not move simultaneously, The main con 
trollers haye heavy carbon moving terminals, making contact with 
fixed Copper terminals below them. 
equipment is, 


water wheel, 


Winding con 


The duty of this Part of the 


of course, to avoid the 


the gate of which 


for governing the 
is simply controlled 


necessity 


r 


by ha 


- 3 ~ 4 7 prohah 
Enough generators are at any time running to handle any proba 
peak of the 


load, 


with a gate Opening sufficient for the 


y 
YYo rld. NS 
vy, yy [ec. d Ko? ld. NV. 


; ISE. 
su“ PowrEk Hou 


; mak 7 probable difter- 
trollers in operation to take up any in machines 
SHOHEIAO! WE re external load and the ere the cars rises 
BOGE UNE the current taken by Se uls 
ence be ng. As roller relays so 
opening e ntroller relay 
with that ae esate in voltage affect the co 
Is, sligh 
and fal ’ 


THE ELECTRICAL WC IRLD, 


is 
Lr A) 


Rattway Pant, SHOWING ELEcrric CONTROLLERS ar THE Rigut 


Mises, Maintaining series the different SToups of coils of each phase TUNNING: aroung 

the face of the armature, as shown clearly in the illustration a 

Wer Company is air gap is about three-quarters of an inch In length, yin oil 
Views of which are four-pole exciters are also belted to the main shaft. 

olt, 1o-pole alter- The alternating Switchboard, views of which IPPear on page 


Manufacturing 49. Is remarkably simple and neat. considering the amount of 


44-inch belts, the apparatus which it Controls. It consists of two machine panels 
The Winding of these at the leit and two-line panels at the tight, each panel being fitted 


does, of six slots Per with three ammeters, one in each phase, and three combined knife 


Company. Ti 
pulleys being 
machines is quite int i 
pole per phase. wound wi 
ribbon, bent down Over the ends of 
by V-shaped castings screwed to the end plates. The three Phases vitae cylinders, while at the top of the panels behind the board are 


formed coils of copper and plunger-type Switches. The handles of these are on the face 


mature and held in Place of the board, and immediately at the rear are the plungers, in lignum 


are connected in a Y. or Star, grouping, the connecting rings—one Knives which are Mechanically Connected with the plungers and 
plungers giving a high-resistance 


of which is the common point of the Y. the others connecting in give a low-resistance contact, the 


Two Views or 1k ALTERNATING-CURRENT MACuINES. 


— 
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following break, 
panels are also each 
with three fuses jn 


vitae enclosures, 


two machine panels 


Contain 
iso. the controlling 


and SWite] 
devices for the CNCiters The ex 
citing field rheostat handles may 
be seen CONG entric 


With and 
smaller than the main theostay 
handles, and the CNCiters 


are 
Means of 
transler plugs at the botton, 


switched in and out by 
the 
of the panels Immediately 


aboy, 
these are three 


POsition Voltme 
ter plugs, by means Ol Which 


au 
bracketed voltmetey May be con 
nected across any Phase, and 
sull higher up on one 


Panel js 4 
three-position Sround detector 
switch 


The load on this part 


Ot the 
plant 1s a small 


Only 
being the 


One, its 
warrant for operation 
requirements of the Xclusive 
company to the 
Canadian shore. The Senerators 
arborundum plant 
and at night drive 


franchise of the 


carry a smalle 


a central sta- 


tion lighting the town. 


lignum, 
The 


19 


A nother Development of 
| Niagara Power 
Planned, 


Buffalo ndicate propose 


nstruct a hydraulic and 
lectric plant in the Niagar: 
lop about thirty 
thousand electric il horse-power 
\ canal abot 


Mg is to 


onsiderable part of 
‘alls & Lewist 


ularly 


on Railroad pop 
known is the Ge 


Road Mr. Ge 
of Buffalo. js 


rge A. Ricker, 
resident engineer, 
ind has made a complete } 
of this part of the gorge, and has 
Prepared plans 


SUTrVE 


and estimates of 
the Proposed d 


levelopment. Mr 
John Birkinbine, of Philadel- 
of the Franklin 


S consulting engineer, 


phia, president 


Institute, j 
and I 
this 


las presented a 
A Front 


subject to tl 


Virw or 


Paper upon 
le Philadelphia 


Engineers’ Club, Jan. 7, 18909. 


THE ALTERN 


Al ING-CuRREN7 


Swit CHBOARD, 


RICO. Y¥or/ed. MY 


suR RD 
2ENT SWITCHBOA 
! ; THE ALTERNATING-CURRENT SV 
Wo Views OF THE AL'TERN: 


REAR, SHOWING COMBINED PLUNGER AND KnirE Switcne 
. THE KEAR, 
FROM TI 


ao 


P 
PM re MLROTRICAY, WORK 
’ 
: . iy, 
A Pho togeapht Study of the NMleotrle Arc, * 7 ON 
OPO Sh Anothey Neehit front iNvan, ne { > 
hig fp, 
flow st m4 
: aati PMALIVE, Tit we hall gee this ing h m, ‘ he uw ; 
OW pletirns The bnaet ‘ eae  « 
, 7 4 Ay 
Ufa Photog, Iphie plate Or filmy ts Moved rapidly ty ont of a len Iron both « hey i} : ; * Hh Si fle: i 
Won i Wu > 4 ” 
is SUMOPA, In sueh POSTON that th Mage Of Korie object | fitat Wil liter , i we OM Wahy Ned We 
- au bens IO ene ‘ . ” 
Thrown an the sen MVE part of the Plate, an MM DVenston will be pre trang ind fed to 11 Mer of hye eo r th, ty, 
| j j led trey the fe tha ae , “a 
duced on the plate Which ia a More ar tes Perfect history gf th Hide of (hy lriphiy { teat ti Des of y - 
2 IRE Hortlon , the " We fy, ten 
Changes ch T LOOK plac nM that Object While the plate wa MOV iia the af, pe of ef { i je Yen Bib. fe, 4 
; . 1 APC jteelf f : . 
Li the Mage is quite broad there will NeCOSSALily Ne Mueh bluretie FOnical ng fy fireat lip} ae is 
, Vit white j A cttas 
OF thy plate Sausing lack ol definition , ‘ ten , = . 
i HAC ee ou UPPOne ales ff if { fg ° 
: j ’ . ” 
l Pee US attempts have been Made to learn something about ape Intensity Weoelh | { thy . ‘ 
rte A h . y Miyed iwi t globnad “4 4, 
w \ photograph laken in this Way when the are WAS Undergo SOUNL for thy pecul / pee. be 
oe a “es Oe ii Mpe Of th, 1? vf 
Nie: he Me Variation Che pic Mes Obtained have been Nleresting, thins IPpreciahle 4 Pe OF the a pies 
Oul have ly ‘d the da . shen Niece ee ia a: 
© eked the definition Which usually characterizes photo lest thi POINL Piet Keen wi, Hat ‘ 
ae Na " : ' yietiire WOT Ee lAlee ; 
ary Naturally, the alternating “urrent has been best adapted to Mont of the te ae 
GUUS study, fo, the changes . | i < Image of the are On the plate 
; euses are fairly UMitorm and lrequent lhe very Narrow git In it, be ] | ; 5 
“dvent Mt the te . ’ ne pg as if 104 
( : Ot the a fernating Current eng losed are lanip has furnished ay Moved jin front of the | ; | : ne the 4 
are > Wael } ) ‘ » ‘ . rd , 9 a : 
~ 8Cas muuch steadie; M Mts action, and, therefore, more Unviorm meg; Of the im ey cn ee liage 
a ; » ape | Cul off ¢ ; , 
Ss variat > J pees 4 ° 
nit MROONS than «OY previous wey and thus bette adapted to Small part th; 4 iF sin’, = 
SMS WORK, Fo) this re “, Dart that is fer, he result tained he 
PeASON Most of the work described IETS iy Petures nu] | PI 
. . = , Ibered 2g at oe 1 f 
oy WaS Carried Cut with the aid ot such a lamp there were (Wo light f t pees eal 
. ea os YO Night fron One from ea, ae 
© shall Consider the types of photographs connected these ]j rit f 00 ant carbor and | 
gli ront tarted about I-1000 of 


| Flee. ory. x. oA 


ieeser 


3A 


PLATE Ti 
with this Work, 
ing all and follo 

Pictures numb 
without 


discussing each as 


ered one (see P} 
screen, as show 
marked symmetry 


tween the parts of 
fourth, etc, from it, 
were turned Over it WwW 
of each light Portion is not 
very appreciable angle. Th 
arc was out part of the time, 
take place across the whole a 
Started from one side one time 
A simple calculation, dependin 
the slope of the light f, 
are with a velocity of about 300 
carbon toward the Positive. 
n One or two of these pictures w 
* Reprint from the ‘‘Physical Rey 


iew.”’ 


Wing with a gener 


it is described, 
al dicussion, 
ate I) were tak 
n in diagram J of Fi 
not only between the y 
one picture. Each light 
On closer inspection w 
Ould be like its next n 


inches per second from the negative 


€ can see slight indications that 


arious pictures but be- 
spot is like the second, 
€ notice that if 


eighbor. The front end 
Square across the picture 


is seems to indicate not 
but also that the lightin 
TC space at the same in 
and the opposite side the next time. 
§ upon the velocity of 
Tont, shows that this light travel 


Prater II. 
instead of describ- 


Pave III, 


Their slopes show that they traveled with different velocities, the 
one from the negative side moving about three hundred inches per 
second, while the other moved about tive hundred inches pen ssoud 
Some of these plates were under-developed to bring out it 
of density more clearly. ‘The slit being left less than 1-64 of an a 
wide the outer contour of the are could have had little to do wi 
any spot the sh 


ape of the pictures. Each consecutive vertical ap in 
Picture must be the record for successive intervals of ie 2 
particular vertical section of the are was thrown on Ou en 
only that the Blondel and McMynn, in articles Previously Bu i) 
& up did not showed pictures showing some of the characteristics Jus a oeiee 
stant, having but the effect was so slight that neither of them nous Fae 
cussed them. By comparing their pictures with these Sa me 
the plate and similarity that we are able to easily tell which of aye ae 
ed across the _ positive at any given instant, which way the plates we A cal 

These conclusions were so striking that it seeme ens 
some other results that would verify them, and to POE a the 
plain why we should get such results. We have eso ill 
pictures on Plate II were of some section of the arc. 


€n on a sliding plate 
8.1. We find here a 


, but makes a 


= 


.— 


% 


rE 


‘ wa ROgBar eae? 


re 


mmm fe 8 


~—™m Ww wf 


oy wey: 
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only take pictures of the 


> for confirmat; ray hole SaGret 
hope tor it ation, But to Secure aici . 
: z nstan ore Ch a % coy 
is at any aS ; t 1s Necessay as w h Pi lures of th ire d 
ovement of the p ate be yay, eVeryt Lae. 
ra 10ovement aa she ~ Very Slight during Lin hing | hat the 
the mc ; “nange mn ®PPearance . 1 _ °XPOsup ind th 
slight. n order to Separate f 9 le ‘ a 
; aa 4S Possible on ae te the "arious Parts of Should be Very 
LET ¥ oy Je plate jt Seemed fies an Aternation ae 
a speed ¢ 9 50 fee ate “SSary r ‘ 
at as} : es st leet Per secong peas tO run the Dlate 
Koha ee Onan Mech or More dy: ovement the plate 
injure the definition Of the Pictiy re Curing an reed a 
‘ © the . oulc 


very small. The Pictures 


Numbere €XPosure 
hithe-apparayee elotes bere three (Plate MUSE be 
SPEER, = “ranged Sive ra did me Were taken 
are, aS Shown in Fig. } diagram IT] SO EXPOsures of 


Whe 


FI] a Out its axis pe : Was revolved 
iY a caches Pee p>sCOOti nee Per m;: 
| Q Ch of the four <j}r;. Minute 


Slits Woul I 
eee To a cause “x 
ae ‘ ure Which lasted about I-25 ie 
; seis : ~=5000 Jar 
ae fcond. 7 here Would pe toes. 
POsures t second, °F about a 
ages lor 


each Complete 


xX 


quency was about 1 25) 
Th ictures veh 
€ Pictures Numbered three 
ta Sen with Various Velocit; [ ae 


ANY ions er I > 
x Herewe find the are i, b.7 Minute UD: 
“| a te are in al| POssible 
| an ditions. ; | ; ee con- 
| | DIAGRAM 11) > and the Conclusions 


5 reached } 

U Our former > ar f. uy 
BIG. I. iis method are lully Verified. 

; de Picture 3D was taken When 4 ee 

net was held close to the ae, ia a mag- 


one side or the other, deflected to 


in Which the 
light from One-half 
New light front for 
Magnet Near, the 
ction, While the 
to the next period js sent in the 


depending on 
current is flowing. At times the last end of the 


when the 
period has arrived. With the 


period is driven in One dire 


period has not faded away 
the next 
fading light of one 
New light formation 
OPPoOsite direction, 
show clearly to 


due 
hey are thus 


2nNarate j Suc 4 fay < Rr ege ch 
separated in such a y Ly as to which period ‘these 


respectively belong. 
I examined the arc for plane polariz 


ation by Setting 
in front of the are and taking 


4 Nicol prism 
4 number of Pictures 
prism a few degrees for €ach till oo degrees of 
No effect whatever Was noted. 
Nothing thus far has shown that the 
fronts on the Opposite ends of the 


» Totating the 
are had been COvered, 


formation ol the two light 
are in the Way we have deseribed 
is not a function of the form of the current curve. To determine 


this point pictures were taken of a very slow period are (22 per 


second). One of these is shown in number g, They seem to he 


like the other pictures in all characteristics except that everything is 
exaggerated somewhat. This current was of-the “true sine wave” 
form, while the others were “peaked.” Thus the characteristics 
ire at least not very sensitive to small changes in the Wave form 
lo further vary the type of current a direct current was sent 
through the are. This was short circuited during part of the pus 
while the plate was moving across in front of the are, ep 
the plate had Passed entirely across the short circuit was eee 
relighting the are. This acted in such a way on the pay nye cae 
as to rebrealethe are. Dus we had on our plate: Hirst, ae ae 
. ‘ly instantaneously; third, 
are, second, the are broken almost absolutely in ie einen 
ie are formed again with very Rete O ey the 
higher current value than formerly; fourth, a em numbered 5. 
‘“paration of the carbons. These Nasa a Be visible, showing 
When the arc is first broken a quite abrupt a ot ret 
very sudden diminution of the light. Phe amb hi eraroels 
line jorward is as it was with the CMTC 12) is very marked. 
reformed its difference from the ic eee fie end, but, on 
At first sight it seems to be almost square - = reach the center 
Closer examination, it shows that Ae eh ee at in time is AES 
dite as soon as it left the sides. ee ieee in the éase of ibe 
Slight, however, as compared with ie aa ReARNHD Suen 
alternating current. Then, (00, Glan while bere. tlie penta 
"gative carbon gives out light abe was taken in the on ea 
‘lightly ahead, The picture ae , fortunate accident ae are 
a iam) except thats ie place so quickly tk by 
The Second extinction of the arc ae er only started eas ah 
brmed page ‘ime tat a ie Me can easily be ae are was 
the time the are was extinguished. aeiae away valien oe starts 
pnts ena 7s urcady sieek that the light 
formed. ‘This leaves no doubt wha 


Near the Positive carbon. 


51 


best to advance one OF more hypotheses 
Which will 


Account in a More or less ati factory Manner for the 
Phenomena First, let us Suppose that this ource of light is due 
60 long Moving acrogs the arc very much as they move in electrol- 


YSIS) either that the Particles 
light front, or 
change Passes 
Particles could 
from the 


actually move with 4 velocity of the 
that the ‘pace being filled with particles a wave of 
with that velocity. We would then suppose that the 
MOve from the negative carbon more readily than 
A POSitive This would be what we 
fact that MOst of th 
rent through the 


Under thes 


would expect from the 
e electromotive lorce (neces aTy to send a cur. 
arc) jis Overcome 


ery close to th Positive carbon 


© conditions 
bon would move With a greater velocity thar 
negative. This Sup; 


4 particle thrown off from the 


-OS1N0ON would ac; ount 


uso tor the difference in 
Slope on the last end of the light space, as shor n Fal pic- 
tures, and for the finishing of the the center, It wou 
also account for the fact that the ligt ror € pos a 
bon is Stronger than that from the negative 
The first Serious obstacle confronting this Hypothesis is the pic- 
tures of the Interrupted arc shown in numbers 5 and ¢ In these 
the start comes first from the positive side, and the finish is 


Practically the Same point. Here the succe 
direction. If now y 
the 


€ can advance any hypothesis which 
Point of Starting of the light 
Preceding Hlumination the 
alternating 


front om the f 
difference In dire 
and direct arcs will be 
that Particles being in the space between 
Produced by heating 
first starts across the 
while 


accounted for 


theme if 4 current 
arc space it IS rea 
It isa Weak current Its main h 
bon Surfaces. Now, if One of the carb 
hotter than the other, that One should sh I 
the light Would start from the negative. Ther 
tinued and increased the positive carbon w 
Pass the temperature of the negative. 
Stronger effect from the Positive th 
too, it would mMOve faster. And a 
direct effect of the current on 


When the arc Stopped we should suppose 


Would dispose of its heat much more 


Would cause the light to last longer 
account, too, for the tardiness with whiel 


the positive side. With the interrupted 


‘ cording S 

hypothesis. the sudden lalling off in the Jj e ins 
ting out the are would be due to the fact that the curre S 
flowing, and, therefore. there was no « urce ¢ e gas 
The further gradual cooling would be due ¢ t e 
causes, as in the alternating are Here, too, it is nat € gas 
should cool Nearer to the carbons, \\ hen the are is re-Starting S 
started with full or more than full current, and the effec & 
directly on the gas is much greater than When the ¢ ent is sma 
henee, we naturally expect the hottest Part to glow first and 
lights start near the Positive carbon, but not quite at the S 
shown in number 6 

Photograph No, 3 Was taken with the image of a vwertic ' 
thrown on a plate MOvINg vertically, Here we find, in general at 
the light moves out hori ontally under the influence of a m ene 
near the are, and that the direction of this movement depends on the 


direction of the flow of the current in the are, bur we tuled to get 
sharp definition. Plate number $ was taken in the Same wey, 
except that a very narrow slit was placed hori Oontally as SSG _ 
possible to the plate and the speed of the plate SS RK 
This gives good definition and shows also that while at 10 : 
source of light is Moved to one side it is not moved uniformly, ay 
ate the bright band is broadened out. Che broadening our, pes 
a does not leave the light uniform throughout the whole band, 
ae arates it into several different bands, as though the current 
a bee the are consisted of waves of distinctly diferent fre 
peeing - ae re tents: or was composed of several series ot cur 
Beat a e ah ctarent ol a series differs from the next to it by a 
ioe be as der This band would then correspond to a spee 
baie ae ar aca broad lines were Wanting, 
be aageet rea Pekeonable fo assume in this connection that this 
Mt pou ’s ae in some way a function of the Winding of the 
seca Sees of the field magnets and that it may be mad. 
Widen a a the transformers or inductive resistance through 
ified somewhat by 


which the current passes, 


| 52 THE LECTRIGCAL W OI, Voy a 
‘ VT] P : 
‘ No definite statement ean be made regarding this, however, lor all Were adjy led with py PECt to en, h Othe f 4 : 
qi } O of the Pictures so fay have been taken unde; 1600 nearly {hie un “ITCUMSLances little oy NO Ctrreny flowed y  Ubiaa nds 1 
f | ©Onditions tq bring out such differences \t first thought it seems bh OW hen, however, the MBLANCE of the nail tie ri mi "ay 
| Strange that the Consecutive alternations do not appear Wilmmetrieal, the balanes Ol the bridge Wis cle lroyed nd oPhon * to + 
: but this is casily explained When we Know that the slit js very close 10 flow through the DIIMary of py inducer. es ren Were , Neg 
/ to the image Ol one of the carbons and a relatively long distance "On, then IM thre other, CCording ¢¢ wheth. i 8 
from the other ANsmitte, 
Realizing the Mcompleteness of the Work 
Ventured to report, 


dese ribed | 


the po Ong Pi ‘ 
WAS greater or fe i than ip. Normal re “ne, ; eg 2 
have yet acted MNductively Upon the Jing Ifetita te pat Ve ¢ ‘ Ug 
hoping for ©PPOrtunity jn the near future fox sults Produc the {i 5 
fuller investigation Anothe interesting sy tem, dey; dh te er fe. 
After the Copy for this article was jn the printer's hands my at adapted Primarily for the UPPly of th, f ‘ John Ston 
tention was called to a Paper in the June, 1808, Proceedings of the CUlls in a central office, j hown In Pig del mitt, Md 
American Academy ot Arts and Sciences (Vol AX XT » No. 18) Was used in a eparate supply Circuit $. ne In th 7 : 
by Henry Crew and Olin H. Basquin on “The Sources of Lumi crophones M of all the station and tee met iChtdeg. 
nosity in the Electric Arc,” They have used the same gcneral Mpedance, the latter being for the Pisa. Mf vis Bef f a 
method as that employed jn Preparing: this Paper, except that their Mctuations nN the supply CIrcuit ag 4 wie is be thing ou 
Pictures are COMPOsites made through a SOMpParatively Wide slit, lions OMginated in the dynamo OF In the tran ae sis © Aluery, 
While those here shown are lor single €Xposures through » narrow ent arrangements Of apparaty With reso, eae - Three tif, 
slit. Their conclusion that the Persistent luminosity IS chemical or are shown jn this figure At station I a Ga. “Pply ea 
thermal and not electrica] Would Serrespond with the work here pre- directly nM the Jing Wire and the Primary wind Sess 8 in deg 
sented, coil shunted around jt At fation 2 the trang, tie indy ‘len 
————— — ; = Serially yj > primary ¢oj] the supnys, i. AChids 
Centralize Sources of Energy in Telephone Exchanges =, shunted by : ae eae ( a i ion r ae a HE WO be = 
gee ia MeEnt is the same With the exe, Ption that 4 costes : “ae orange. 
BY KEMPSTER B. MILLER, for the non inductiye resistance y at tation > a "stitaeg "4 
In the Various systems so far considered the induction coil has At station I an increase IN resista; h ‘ 
Played no essential part in the Subscribers’ Station Outfits, Many vert a greater Portion of the or Will 
attempts have been made to combine the Well-known advantages Primary coil p, and a decrease ; oe through 
i the Induction coil with those of the centralized Source of energy Portion of the Current to flow inde © Br eater 
for Supplying transmitter Current, and the problem has been at- ©orresponding smaller Portion thy 
tacked from Several different standpoints. One plan has been to the action js 


& 
Lifi}) 


Fic, 10.—ScRIBNER Systeyr, 


Bich —Carry Sysrew, 
Tun a separate Supply wire through al] of the 
to them the requisite Current, the regular 
phone being associated with the 
induction coil. While this 
aware, brought about { 
some very interes 
Worthy of consid 
Charles FE. Ser the most pr 
Produced in 188; 4 system the pr 
ieee In addition to the 
change he Tan a supply w 
this wire including a battery B 
tion the Supply wire p 
bridge, having three fix 


stations for 
line circu; 
supply circuit by 
general method | 
ew if 
ting and inge 
eration, 


ts of the tele- 
means of the 
las; SO far as J 
any practical results, 
nious developn 


al 
It has led to 
lents, and js therefore 
ibner, inventors, 
are shown jn 
of an Ordinary ex- 
Ough all of the Stations, 
at the central] Station. At each sta- 
S of a Wheatstone 
Se anda Variable 
gh tthe microphone J. 
with a Wheatstone 
, the secondary s of 
with the receiver R. 
he central office in the ordi- 
ances of the various arms of the bridge 


Was placed in the line wire 7 


The lines 7 Tan to a switchboard at ¢ 
mary manner. The resist 


In series 


furnishing \ 


S similar 


Save that 


U) 
[Pose 
Wh ca camry 
Fic, II.—StTonge Syste. Fic, 12 


= Elec. World. ~y 


Af 


Fic, 15.—SIMPLirigp DEAN System. 


varies directly as th 
as in the forme 
transmitter 
therefore 


at through the trans 
I case. At st 
Varies the potenti 
Causes flucty 
The current 
the result 


mitter instead of inversely 
ation 3 the changes in resistance of the 
al of the charge of the condenser ¢, and 
ations in the 
actually flowing 
ant of the Steady 


Current through the primary p 
through that coil may be considered as 
current irom the dynamo and an Sis 
nating current from the condenser Superimposed upon it. ie a 
of the three Cases the current remains constant in the SUPBIY ie 
as a whole, while the variations in current set up by the transmit 
flow freely through the Corresponding local circuit only. 

In the arrangement shown in sts 
tion coil is preferably 
ratio of the number 
to three. In the arr 
coil is in series w 


tion I the primary of the We 
wound to a resistance of fifty ohms and cas 
of its turns to that of the secondary is that ol ade 
angement shown in station 2, where the ae 
ith the transmitter, the resistance of the Lee 
as low as five or ten ohms, it being wound, however, ie ae ‘ 
Wire so that it may have a large number of turns ey pia 
high: coefficient of self-induction. At station 3 were : cos 
shunts the Primary coil and the transmitter, a capacity of s 

farads has been found to answer well. 
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Two-] hase ys. Three-Phase Systems. 
LOWthe Isntine Hush 
S} 7. Editors Of Electrical World and Engineer: 
“ITS— As to the rel 


ative 
I will state at the 
Only has a commercial impo 
Point IT consider the tw 


Se Neen es three-phase transmission lines are more 
Be iiereat es a as two-phase lines, and that they cost about 
ane cae a ler than this, it is the custom to use two sin- 
yee - eae ete with the two-phase system, which increases 
Ais we ea fo) 40 per cent. Here and there, however, special 
iene Tansformers have been built, resembling three-phase 

2.) Mers, in which only the outer iron core was covered with 
Fano ne: By the use of these the cost is somewhat reduced, but 
these apparatus are not to be recommended, as the phases have a 
mutual influence on each other. 


The assertion made in your editorial note to the effect that two- 


hase rerters 
Phase converters Should have 25 per cent. more output than three- 
phase converters, 


is entirely new to me. 

I consider this Opinion as absurd as if any one would make the 
Statement that of two equally large continuous current machines, 
one having twice the cross-section of wire as the other, the former 
would have twice the output. 

It appears to me that the iron losses and the formation of sparks 
play as important a part as the ohmic losses. Besides, the number 
of actual cases in which converters must be provided for is so small 


that it need not be taken into account in the consideration of this 
question. 


advantages of the two and three-phase 
outset that in my opinion this question 
rtance, and that from a technical stand- 
© systems to be of about equal value. 


Systems, 


In regard to the purely mechanical side, there seems to be but little 
difference between the two; but if there is any advantage, it is 
slightly in favor of the two-phase system. 

Motors.—lIf the rotary field (induction) motors are wound accord- 
ing to the formula, the number of conductors must be divisible by 
six (6), so that the terminals will all be located on the same side. 
If this condition is not fulfilled and the conductors are nevertheless 
brought out at the same time, a certain non-symmetrical field will be 
developed and an unbalancing of the three phases will take place, 
which in turn will decrease the output. This difficulty, if we may 
call it that, is not present in the two-phase system, as the winding is 
symmetrical under all conditions. The choice of the number of con- 
ductors in two-phase motors is therefore a much simpler problem. 
I might mention here, as a curiosity, that I once tried to obtain 
symmetry in a 120-hp rotary field motor to which a brake had been 
attached, and the winding of which was not in accordance with the 
above conditions, by leading the third connection to the collector ring 
through the interior of the iron ring. The consequence of this was 
that the motor only had half the torque. If, therefore, circumstances 
do not permit the use of a number of conductors divisible by six (6), 
it is always preferable to have the three terminals on the same side 
and obtain a somewhat non-symmetrical field, than to lead the con- 
nection through the interior of the iron, sie 

Generators.—In regard to generators, it 1s a little more difficult to 
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make a comparison, as the ady 
Systems are largely 
the types most comn 
Winding and two ro 
In order to obtain 
three-phase curr 


antages and disadvantages of the two 
dependent on the types of the machines. For 
ionly built at the present time, using stationary 
tors shifted axially, the following is applicable: 
an approximately symmetrical curve with the 
(Fig. 1), whil Seen 1S necessary to employ cross-connected coils 

€ cach two-phase armature can be wound single phase 


( Fig. 2) as 
Sin ) The Winding and crossovers of the coils are somewhat 
simpler in the latter case. 


The Separation of the two ph 
| Permits the employment of 
Sists, as is known, of supplying 
containing a short-circuited Ww 
hon motor secondaries 


ases has the further advantage that 
a so-called “amortiseur.” This con- 
the magnet pole with slots or tunnels 
; inding, similar to those used on induc- 
3 ) » In which the armature reaction induces cur- 
ester piece i the armature reaction. Experience has 
me | ASA ae eine fall of e. m. f. is reduced to nearly one- 
Reni: ah iy 2 always produced in multiphase windings 
een Co nie tine oust with the fields, it will be seen that the 
DEeee ante eats erase for such a winding is zero. If each 
ishaes aes a pa en care of by one armature, then the machine 
Seer ordinary single-phase generator, and the drop of 

can by this means be considerably reduced. In conclusion, 


It 


FIGS. 


I AND 2. 


it has to be remarked, that rotary current machines, built after this 
pattern for the same drop of e. m. f. and iron losses, are somewhat 
heavier than two-phase machines. In order to show this we will use 


the following notation: 
effective current 


= of one phase = 
I = current strength p a0 


E = effective e. m. f. 
E, =n. E = terminal es m., f. 
e =e. m. f. of self-induction. 
cos ¢ = power-factor. 
N = number of series windings of one phase. 
i m = ampcre windings of the magnet. 
= number of lines of force leaving one pole. 
mt = number of phases. 


wo — 72% — number of cycles. 
60 


wv = number of revolutions per minute. 
$3 = density of air gap. 
/) = diameter of armature. 
1 — Jength of armature. 

Then as is well known: 

I i), BW IE OB ORIMATO Moseso0n coccsd) 

Coefficient K depends on the winding and construction of the ma- 
chine and varies for machines with alternating poles between 2 and 4, 
for machines with stationary winding, between 1 and 2, 
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Von. XXXity N 
= 9. 21 
Referring to diagram, (Fig. 3), in which the armature 
has been neglected, we obtain for the terminal ¢, m, = *ehiStaneg 
E, V E*—e* cost?g—esing. ...... 
baat. G 
or ) 
Cer. Vai _ 72 cos? 6 — V 1 — cost Se 
“L es -(3) 


In this equation 7 and cos ¢ are known. Now, as jx 
the e. m. f. of self-induction has about the same relat; 
duced e. m. f. as the ampere turns of the armature | 
pere turns of the field coils, or, more accurately: 


y7(%) (n 
) J 2 ; ft r pre 

Cee KO ee =K, plN.V2 ) 
L pim 


Y ee rar 7 { 
a3 26a % 4) 


p is unity with a short-circuited winding, and for Other shifting os 
phases, varies between 0.6 and 1.0, according to the construction g of 
K, depends on the construction and varies between 0.5 and 3 
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FIG. 3. 
6 = air gap in cms. 
a = relation between entire magnetic reluctance and the air resist- 


ance and varies between 1.5 and 2.5. 


. . m 
For single phase machines, =1. 


> 


From eqs. (3) and (4) we obtain 


If we finally put 
Dia. B 
2p 


DS BB ines ese 


of N and ® in equation (1) we obtain 


ISK et) 


ye 
226 . 10° Kp 
a Wot 


WIRE UCN cece Salas eeaen (7) 
It must have been noticed that in equation (7) the number of reyo- 
lutions does not appear. From this we gather the interesting conclu- 
sion “that the dimensions of an alternating-current machine of a 
given capacity, number of periods and drop of potential is theoreti- 
cally independent of the number of revolutions;” in other words, 
machines revolving at different speeds would with the same satur- 
ation, ete., have the same dimensions, and, further, a two-phase 
machine would be half as large as a single-phase machine. 

That this is not actually the case is easily proved by the impossibility 
of designing machines having different speeds after the same pat- 
terns. In reality, no account is taken in equation (7) of the space re- 
quired for the armature Winding, which necessarily brings about a 
reduction of the cross-sectional area of the iron, necessary for the 
induction. But according to equation (5) the number of coils per 
armature tooth is independent of the number of poles. 

The winding space per tooth also varies but little with the number 
of poles, and rather becomes larger as the number of poles increases. 
The smaller, therefore, the number of revolutions, the larger will be 
the number of poles for the same number of periods and the smaller 
the effective armature area. It is, therefore, necessary to decrease the 
saturation, 83, which according to equation (7), will increase D Xb. 
For this reason the apparently important advantage which the two- 
phase machines have over the single-phase ones is considerably les- 
cened. 

In order to determine the Winding space we can eliminate v by 
means of equation (4). We further introduce the number of ampere- 
turns per cm. of armature circumference: 
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) and (9) are equally convenie 


formulz (7 
The * art > are oe nt for calc 
poth give gine rea but the former gives a ‘ Fecuuations, 
f .<, while in atte cc : > & vetter j : 
fo Son josseS while in the latter exclusive attention fs a+ idea of 
ging SPA Paid to the 
wets ace. for example, two simil . 
+. compare, ar machines by} 
we ©° S built after 
a con- 


current type with drum or Gramme winding, of 
two collector Tings (two-phase), and the Bienen 
st (three-phase), B = 0.06, then the coefficients K ee 
2 1 1.04 and the coefficient Ay as 1.15 : 1. 
Aeon the same excitation and the same percent 
wi tion between the capacities 
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are to each other 
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DyNAMOS, MOTORS AND TRANSFORMERS. 


Method oj Determining the Slippage in Iuduction Motors.—The 
Zeit. fuer Elek., April 30, abstracts a recent paper by Dr. Hoor in 
hich, after showing that the usual methods or determining this 
important quantity are crude, unreliable and inaccurate, he describes 
what he considers to be a very much better one which will give 
accurate results and requires only very simple apparatus. It consists 
in a determination of the number of current impulses per minute in 
the inducing circuit, this number of impulses being equal to the dif- 
ference of the primary and the secondary pole changes. It may 
even be used for determining the slippage when the motor 45 Sami 
arcuited. He measures the current pulsations by means of a sort 
of transformer made of a small coil which is surrounded by one 
turn of the mains, a telephone being in circuit with the secondary 
cil. Experience has shown that the method is a very simple and 
efiective one. The coil which he uses has an outside diameter ot 
6107 cm and contains between 300 and 400 turns of 0.2 mm copper 
wire. The telephone shows the maxima and minima ot the current 
quite plainly, and with the ear it is easy to calculate 250 to 300 and 
even up to 500 pulsations per minute. With 5,000 pole changes he 


can determine a slippage of 10 per cent. quite accurately. Instead 
asuring instrument 


of the telephone any other sensitive current measur! 
may be used. Even the smallest slippages occurring In practice can 
be determined accurately.—Hoor. Zeit. fuer Elek., April 30. 
Tests of a Dynamo Which Fails to Excite —The Lond. Elec. Bie 
May 5, contains a list of the faults that should be sought or iste 
f in case a dynamo fails to excite itself, Briefly they arg it 
follows in their proper order. Make sure that the brushes ae 
- the right place on the commutator end are set properly relative’y 


“io one another. If the armature has more than one sient ie 
hectennetlenrernon tha ne commutator bar at a time; the 
CEN f , cee that the shunt 


eit im 
ei Mec: “for earth leakage; 
the there may be 4 

if i Dey refuses to excite it is aime 
‘crossit ‘the brush flexibles; see thet 
ed that it gives the proper sequence 0 
fa field, connect the two iy 

. If the machine 1S compoun 
- opposing each other; if we 
e armature of which some 4 
nothing can be found run t i 
armature ts norma 


rush rocker; 


Yt and is ¢ 
this there is no effect. t 
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By CARL HERING. 
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_Three-Wire Transformer—A briei illustrated description 
Aone omnes ee primary of which is connected to a two- 
¥ sys he secondary to a three-wire system. The chiel 
feature is that the two secondary coils are each divided into two 
separate coils connected in series, one of which is on one limb of 
the transformer and the second on the other limb. Thus no sratter 
how much the third wire circuit is unbalanced the current in the 
coils and therefore the magnetism will be symetrically distmbated 
in the transformer.—L’Eclairage Elec., April 29. 
Phase Transformer—A method is described by Mr 
the Zeit. fuer Elek., April 30, which appears to consist of a 
bination of the primary current in series with the secondary cur 
rent of a transformer, whose primary is fed from the same gen 
erator. In this way he can produce a phase shifting which is not 
only less than 180° but which will have an exact predetermined 
angle of phase shifting. He illustrates the method py the complete 
calculation of an example.—Spitzer. Zeit. fuer Elek., April 30. 
REFERENCES. 
Calculation of Two-Phase Induction Motor —A brief description 
of a method of calculating the rotor quantities, it 1s claimed to be 
a practical method and not absolutely accurate, but quite sufficient 
for practical purposes.—Eborall. Lond. Elec. Eng., May 5. 
Alternating Current Motors.—Brief illustrated descriptions taken 
from patent specifications. —Guilbert L’Eclairage Elec., May 6. 
Theory of Non-Synchronous Motors.—The conclusion of the arti- 
cle noticed in the Digest May 20; he discusses single phase motors. 
—Heubach. Elek. Zeit., May 4. ae ; ; 
Large Unit at Manchester.—A brief illustrated description o1 the 
2so0-hp direct current and direct coupled generator for the Man- 
I n—Lond. Elec. Rev., May 5. 
TRACTION. 
1—Dr. Sieg recently read a paper before a 
t of which is begun in the Elek. Ans., 
at Bremerhaven and gives the 
The line is 4.3 km in length 


Spitzer om 
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Accumulator Traction. — 
society in Cologne, 4 reprin 
May 4. He describes the small line 


a 1 2111 run b the com any W ‘a nl . 
d Ss beir £ y Pp y ho made the a curnula ors, there 
an C t 


four motor cars and two trailers in use, the former holding 40 
eae d weighing, empty, 7 tons; the total weight of the bat- 
Pee a ers is 12 tons, each car has two series of motors ol 
ae a th a reduction of 1 to 4, and they are connected in 
1o-lip, Wi 


i + tended for a three-hours run; 
i The batteries are inten 
rahe Bo sts of 86 cells weighing complete 28-kg, the whole 


each battery consists O° ° g about 2.5 tons; a single charge suffices 
battery thers ha run of yoo-km was made under ne 
for a run of 60 es: the accumulators are recharged. however, for 
orable oircunse ne and they appear to be charged on the 


q run of about 45 to so-km, 


The Transmission of Electric Energy Without Wires. 
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T is impossible to ae ae ee a ae 

Occasion of such moment in the Tite Seer e tanatet wae 

letter has vivified the mem 7 ; Ses ee Katee ws 
of the first imperfect attempts iY ‘a Se Se gies 
nesses and misunderstandings * eae Seah ah rae of kind- 
the greatness of early expectati < eee BER E a pe 
alas! the smallness of realizati Se pe ah of we, and, 
for your initiative, te ret The following lines which, but 
long time yet, are an offering aa rk SCRA LSE UIC AN On OLga 
best wishes for your future aise ee Hy JRL PO) Cas 8) 

Towards the close of Poe ea Se un F 
number of years with aS ace Se tara carried on for a 
mussion of electrical energy through ie Ratan eee ere 
recognize three important necessities : First ayy sg tre Ah st 
Oiidereat purer eon ee aor : ai to dev clop a transmitter 
isolating the Same pet rete c ae for individualizing and 
of propagation of mer Se d; and, third, to ascertain the laws 
ar Buc hraeee Segre arenes the earth and the atmosphere. 

eouees 5 as which was the help proferred by 
= area Leonard E. Curtis and the Colorado Springs Electric 
Reese AS abiates pages for my experimental investigations 

‘ ateau, and meters above sea level, in the vicinity 
of that delightful resort, which I reached late in May, 1809. I had 
ee ee eu days hen I congratulated myself on the 

My Kee z began the task. for which I had long trained 
myself, with a grateful sense and full of inspiring hope. The perfect 
purity of the air, the unequaled beauty of the sky, the imposing sight 
of a high mountain range, the quict and restfulness of the place— 
all around contributed to make the conditions for scientific observa- 
tion ideal. To this was added the exhilarating influence of a glori- 
ous climate and a singular sharpening of the senses. In those re- 
gions the organs undergo perceptible physical changes. The eyes 
assume an extraordinary limpidity, improving vision; the ears dry 
out and become more susceptible to sound. Objects can be clearly 
distinguished there at distances such that I prefer to have them told 
by someone else. and IT have heard—this I can venture to vouch for— 
the claps of thunder seven and eight hundred kilometers away. I 
might have done better still, had it not been tedious to wait for 
the sounds to arrive, in definite intervals, as heralded precisely by 
an electrical indicating apparatus—nearly an hour before. 

In the middle of June, while preparations for other work were 
going on, I arranged one of my receiving transformers with the 
view of determining in a novel manner, experimentally, the electric 
potential of the globe and studying its periodic and casual fluctua- 
tions. This formed part of a plan carefully mapped out in advance. 
A highly sensitive, self-restorative device, controlling a recording 
instrument, was included in the secondary circuit, while the primary 
was connected to the ground and an elevated terminal of adjustable 
The variations of potential gave rise to electric surgings in 
these generated secondary currents, which in turn 
affected the sensitive device and recorder in proportion to their 
The earth was found to be, literally, alive with electrical 
I was deeply absorbed in this interesting in- 
for such observations as I 


capacity. 
the primary; 


intensity. 
vibrations, and soon 
vestigation. No better opportunities 
intended to make could be found anywhere. Colorado is a country 
famous for the natural displays of electric force. In that dry and 
rarefied atmosphere the sun’s rays beat the objects with fierce in- 
tensity. I raised steam, to a dangerous pressure, in barrels filled with 
concentrated salt solution, and the tinfoil coatings of some of my ele- 
vated terminals shriveled up in the fiery blaze. An experimental high- 
tension transformer, carelessly exposed to the rays of the setting sun, 
had most of its insulating compound melted out and was rendered 
useless. Aided by the dryness and rarefaction of the air, the water 
and static electricity 1s developed in abund- 


yaporates as in a boiler, 
ane accordingly, very frequent and 


i i i es are 
ance. Lightning discharges : if 
sometimes of inconceivable violence. On one oceasion approximately 


twelve thousand discharges occurred in two hours, and all in a 
radius of certainly less than fifty kilometers from the Pome aant 
Many of them resembled gigantic trees of fire with the trun ie 
or down. I never saw fire balls, but as a compensation for ve aes 
appointment I succeeded later ade the mode of their 
i ducing them artificially. 
Paes gm of te same month I noticed several times that 
my instruments were affected stronger by discharges taking place at 
great distances than by those near by. This puzzled me very much. 
What was the cause? A number of observations proved that it 


could not be due to the differences in the intensity of the individual 
discharges, and I readily ascertained that the phenomenon was not 
the result of a varying relation between the periods of my receiving 
circuits and those of the terrestrial disturbances. One night, as I 
was walking home with an assistant, meditating over these experi- 
ences, I was suddenly staggered by a thought. Years ago, when I 
wrote a chapter of my lecture before the Franklin Institute and the 
National Electric Light Association, it had presented itself to me, 
but I had dismissed it as absurd and impossible. I banished it 
again. Nevertheless, my instinct was aroused and somehow I felt 
that I was nearing a great revelation. 

It was on the third of July—the date I shall never forget—when I 
obtained the first decisive experimental evidence of a truth of over- 
whelming importance for the advancement of humanity. A dense 
mass of strongly charged clouds gathered in the west and towards 
the evening a violent storm broke loose which, after spending much 
of its fury in the mountains, was driven away with great velocity 


I.—TESLA EXPERIMENTAL LABORATORY, COLORADO, 
SUMMER OF 1899. 


FIG. ERECTED 
(Discovery by Mr. Tesla of the Stationary Waves in the Earth 
was Here Made.) 


over the plains. Heavy and long persisting arcs tormed almost 
in regular time intervals. My observations were now greatly facili- 
tated and rendered more accurate by the experiences already gained. 

I was able to handle my instruments quickly and I was prepared. 
The recording apparatus being properly adjusted, its indications 
became fainter and fainter with the increasing distance of the storm, 
until they ceased altogether. I was watching in eager expectation. 
Surely enough, in a little while the indications again began, grew 
stronger and stronger and, after passing through a maximum, grad- 
ually decreased and ceased once more. Many times, in regularly re- 
curring intervals, the same actions were repeated until the storm 
which, as evident from simple computations, was moving with nearly 
constant speed, had retreated to a distance of about three hundred 
kilometers. Nor did these strange actions stop then, but continued to 
manifest themselves with undiminished force. Subsequently, similar 
observations were also made by my assistant, Mr. Fritz Lowenstein, 
and shortly afterward several admirable opportunities presented 
themselves which brought out, still more forcibly, and unmistakably, 
the true nature of the wonderful phenomenon. No doubt whatever 
remained: I was observing stationary waves. a, 

As the source of disturbances moved away the receiving circuit 
came successively upon their nodes and loops. Impossible as it 
seemed, this planet, despite its vast extent, behaved like a conductor 
of limited dimensions. The tremendous significance of this fact in 
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